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PREFACE

The tests described within this report were accomplished by the Crew
Protection Branch, Biodynamics and Bioengineering Division of the Armstrong
Laboratory at Wright-Patterson Air Force Base, Ohio. The test program was
sponsored by the Crew Escape Technologies (CREST) Advanced Development
Program Office (ADPO), Human Systems Division. Lt Col Michael Higgins was
the CREST program manager.

Support of the ADAM manikin was provided by the Modeling and Analysis
Branch of the Biodynamics and Bioengineering Division and also by Systems
Research Laboratories, Inc, of Dayton, Ohio. Mr Roy Rasmussen was the
Contract Technical Monitor for the ADAM development program. The program
manager for Systems Research Laboratories was Richard P. White, Jr.

The impact facilities, data acquisition equipment, and data processing
system were operated by the Scientific Services Division of DynCorp under
Air Force contract P33615-86-C-0531., Mr Marshall Miller was the
Engineering Supervisor for DynCorp.

Photographic data and documentation services were provided by the
Technical Photographic Division of the 4950th Test Wing.
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INTRODUCTION
Background

lests of human subject dynamic response to impact as well as the use of
anthropomorphic manikins to simulate human dynamic response in cockpit
ejection tests have become increasingly important with the development of
advanced aircraft systems.

This test program was conducted as part of the developmental phase of the
Advanced Dynamic Anthropomorphic Manikin (ADAM) program. This program

was the first in a geries of experiments that wete conducted to map the
dynamic response properties of ADAM manikins in impact environments, and to
compare the ADAM responses to those of human subjects and other manikinsg
currently in use by the Air Force.

The ADAM manikins were designed to withstand high acceleration levels while
providing improved simulation of human dynamic response. The ADAM design
incorporates an improved spinal system and joint notions, an increased
number of sensors and channels, and an internal data storage system as well
as an external data transmission link. Small and large ADAM anthropometr
approximated the 3rd and 97th percentiles of military flying personnel. (1)

One small and one large ADAM prototype were provided for a series of tests
at AAMRL, Tests were conducted using the AAMRL vertical deceleration tower
facility. Test data were collected and analyzed to determine the adequacy
of the ADAM dynamic responses to +Gz acceleration as well as to test the
structural integrity of ADAM., Human subiects were algo tested as part of
the same program to demonstrate the ability of the ADAM to simulate human
dynamic response. 1In addition, two Grumman-~Alderson Research (GARD)
Dummnies, the CG-5 and CG-95, representative of 5th and 95th percentile Air
Force flying personnel, were also tested to provide a means of comparing
ADAM dynamic responses to those of other manikina. All subjects were
tested at carriage acceleration levels of 10 G with seat-back positions
that were aligneg at angles of ~10, 0, and +10 degrees with respect to the
acceleration vector. The dynamic responses were measured under two
different restraint conditions and three seat cushion conditions. The two
ADAM manikins were also tested at acceluration levels of up to 24 G to
provide additional information on their structural integrity.

Test Objectives
The specific objectives of the tests were as follows:

1. 7o measurc the dynamic response of the human body during +2-axis
impact with seat-buck angles of 10, 0, and -10 degrees.

2. To measure the dgnamic response of the ADAM grototypes during
+z-axis impact with seat-back angles of 10, 0, and -10 degrees.

3. To measure the dgnamic response of the GARD manikins during
i#-axis impact with seat-back angles of 10, 0, and ~10 degrees.

4. To measure the dynamic response of human subjects, the ADAM
prototypes, and the GARD manikins with and without seat cushions.




5., To measure the dynamic response of human subjects, the ADAM
prototypes, and the GARD manikins with the CREST X-band 90 and PCU-15/P
rastraint harnesses.

6. To demonstrate the structural integrity of ADAM prototypes and
instrumentation systems,

7. To demonstrate the functional capability of the ADAM
instrumentation system.

ADAM Fvaluation Criteria

The following evaluation criteria were to be userd to evaluate the adequacy
of the ADAM:

1. The primary resonance of the ADAM prototypes should be 10 Hz
within + 1 Hz as a goal. 1If the primary resonance is outside a band of + 2
Hz about 10 Hz, the ADAM wi.l not be considered adequate for egection geat
testing, and revision of its mechanical response properties will be
recommended,

2. 'The peak force measured on the seat structure during impact tests
of the ADAM prototypes shall be representative of the peak force measured
with human subjects,

3. The ADAM prototypes shall withstand the 24 G impact without
permanent deformation or failure of mechanical structures.

4. The ADAM prototypas shall collect data throughout the +z-axis
impact tests without disruption due to the impact environment.

5. The ADAM instrumentation system shall collect data during
replicate tests (test cell C) that shall be reproducible within + 5
percent.




METHODS
Test Facilities and Equipment

All tests were conducted using the AL Vertical Deceleration Tower (VDT) and
the VIP seat fixture. The seat-back was positioned at angles of -10, 0, or
+10 degrees with respect to the +Gz acceleration vector. Metering pin
number 102 was used to control the deceleration profile for all test
conditicus except cell D, where pin 46 was used. A head rest, which was
individually adjusted for each subject, provided head support during the
tests. The restraint harnesses used were the CREST X-Band-30 and the
PCU~-15/P with a lap belt. The harness straps were pretensioned to 20 +5
lbs at each attachment point prior to each test, Addltional straps were
used to maintain the initial position of the subjects’ ankles and thighs
during the free-fall phase o;Mthe test, The seat cushions used were the
ACES II and the CREST Confor™ Foam and were placed on both the geat pan
and seat back, See Appendix A for a more detailed description of the test
facilities and equipment,

Human Subjects

Volunteer subjects were members of the AAMRL Impact Acceleration Stress
Panel. They were selected and used in accordance with the applicable human
use guidelines as specified in AFR 169-3 and in Protocol 85-07-02,
Anthropometric measurements for each subject are listed in Appendix B.

Each subject was provided with an abort switch from the control and safety
system of the vertical deceleration tower. The switch was held in the
right hand and was required to be depresged by the subject in order for the
test to proceed. All subjects wore only cut-off long underwear along with
an HGU-26,/P USAF flight helmet during these tests. No upper extremity
bracing was used in any of the tests. Standing blood pressure measurements
were obtained before each test and electrocardiograms were recorded before,
durin?, and after each test. A medical technician administered a post-test
guestionnaire designed to assess the subject’s impressions of the test
conditions.

Instrumentation and Data Processing

Accelerometers and load transducers were mounted to the seat fixture., ‘The
accelerometers included both linear and angular types. The load
transducers included fixed load cells, triaxial load cells, and load links.
All transducers were calibrated both before and after the tests. Carriage
velocity was measured with a tachometer attached to an aluninum wheel on
the carriage in contact with the track rail.

One small and one large ADAM protot¥§e were tested along with one CG-5 and
CG~95 GARD manikin, A 95th percentile Alderson manikin, the VIP-85, was
used for structural and equipment proof tests. A triaxial linear
accelerometer array and an angular accelerometer were used to measure head
acceleration in the GARD and VIP-95 manikins and were nounted internally in
the manikin heads. For the human subjects, both devices were attached to a
bite-block which was individually prepared for each subject by the medical
technician. The triaxial accelerometer array was mounted to auglexiglass
block to provide electrical isolation of the device from the subject. The

entire arvay was held within the subject’s mouth during the impact
3




experiment. The angular accelerometer was used to measure acceleration
about the y-axis. It was mounted on the frame’s metal arm which extended
from the subject’s mouth and located at a fixed positicn relative to the
triaxial translational accelerometer. Chest accelerations were measured by
a triaxial linear acceleromater array mounted on an aluminum block and an
adjacent angular accelerometer mounted on a bracket. These wece attached
to the chest of all manikinsg and human subjects with a velero harness.

Each of the ADAM manikins contained the following internal sensors:
triaxial linear accelerometers mounted in the head and chest, six-component
load cells mounted in the heaad/neck and pelvis, and positicn sensors
mounted in the torso and limbs. Signal amplification, filtering,
digitization, and temporary storage of the data were provided by the
internal ADAM electronic instrumentation system. Power for the ADAM
internal electronics and sensor excitation was provided by the ADAM field

power supply (FPS).

The ADAM data were transmitted over its own line in a whip cable via a
decommutator and stored in the ADAM data retrieval and storage system
(DRASS). Following an ADAM test the decommutated (DECOM) data were
downloaded from the DRASS to a Z-100 computer lor temporary storage and
then transferred to a Vax computer for analysis. Data were also collected
over a period of four seconds by the ADAM data acquisition system and
stored in the ADAM on-board memory (RAM). The on-board RAM data were then
downloaded to the DRASS, downloaded to the 2-100, and transferred to the
Vax computer, A list of ADAM channel sensitivities was provided by the
ADAM support contractor, Systems Research Laboratories, Inc. (SRL) to allow
conversion of the digitized data into engineering units.

Eight ADAM sensors were also tapped at their outputs and coupled to an
on-board automatic data acquisition and control system (ADACS) for signal
conditioning. These sensors provided data for the following channels:
Head X and Z Acceleration, Chest X Acceleration, Lumbar 2 Acceleration,
Lumbar Z Axial Load, Neck 2 Axial Load, Right Knee Flexion Posiiion, and
Left Knee Flexion Position. An externally mounted sensor also provided
data for Chest X, V¥, and 2 Acceleration. Data acquisition was controlled
by a comparator on the master instrumentation control unit in the
instrumentation station of the test facility. Signal conditioning,
filteriny, and digitization (at a rate of 1000 samples/sec) of the
transducer signals was handled by the ADACS. The digitized data were
transmitted through a whip cable to the computer room for storage on
digital magnetic tape and processing by a Vax computer system. Test data
were reviewed immediately after each test by using a "quick look" scan
routine which produced plots of data over time, A list of ADACS channel
sensitivities allowed conversion of the data to engineering units.

Sections 6 through 8 of Appendix A provide more detailed iiformation on the
transducers, instrumentation, and data processing described above.

Photogrammetric Data
Photogrammetric data were recorded on two 16 mm high-speed cameras mounted
on the test fixture at oblique and right angles to the subject. Motion of
the subjects’ head, cheek, mouth, and chest were quantified by tracking the
motion of subject-mounted fiducial targets. After processing of the
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high-gspeed film, the data were digitized by an automatignfilm reader (AFR)
system. A high-speed instant analytical replay (INSTAR™ ) video system was
also used to provide coverage for each test. More detailed information on
camera specifications, photogrammetric data processing, and subject
fiducial targets can be found in section 7.2 of Appendix A.

Experimental Design

The independent variables in both the human and manikin tests were the
acceleration of the carriage, the carriage velocity, the geat cushion, the
seat-back angle, tie restraint system, the metering pin (which controlled
the impact rise-time and pulse duration), and the subject population. The
dependent variables included the restraint-strap forces, seat-pan forces,
seat-back forces, head and chest accelerations, and displacement of body
gsegments. Tables 1 and 2 list the experimental conditions of each test
cell as well as the number of tests of each subject, excluding proof tests.
A complete listing by test number is given in Appendix C.

TABLE 1. EXPERIMENTAL TEST CONDITIONS

ACCELERATION SEAT SEAT-BACK | RESTRAINT
TEST CELL LEVEL (G) CUSHIONS ANGLE (°) | HARNESS

X 8 Confofﬁh Foam 0 X-Band 90
Y 8 Confo;— Foam 10 X-Band 90
A 10 Confox:TM Foam 0 X-Band 90
B” 10 Conf;;Tﬁ Foam 10 X-Band 90
c 10 None 0 X-Band 90
D 10 None 0 X-Band 90
E 10 None 0 PCU-15/P
F 10 ACES II 0 PCU-15/P
G 10 ACES II -10 PCU-15/p
H 15 ConéééTﬂréoam 0 X-Band 90
1 20 CanorTivl Foam 0 X-Band 90
J 24 Confé;Tﬁ Foam 0 X-Band 90
K 10 Norne 0 X-Band 90
L 10 Confo;TM Foam -10 X-Band 90
M 15 None 0 X-Band 90
N 20 None 0 X-Band 90
0 24 None 0 X-Band 90
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TABLE 2. SUBJECT TEST SUMMARY

CELL HUMAN ADAM-5 ADAM-L, CG-5 CG—95
X 5 0 0 0o | o
y 6 0 0 o | o
A 14 1 1 1] 1
B 14 3 4 1 1

¢ | 14 6 8 s | 6
D 14 1 1 2 | 1
E 14 2 8 1 | 1
. 14 1 5 1 1
G 0 1 1 1 1
B 0 4 5 3 5
I 0 1 3 1 1
3 0 1 2 1 1
K 0 0 0 0o | o
L | 10 0 0 1 1
" 0 0 0 1 | o
N 0 0 0 1| o
0 0 0 0 1 | o

A structural and equipment proof test was conducted at 15 G at the
beginning of the test program to insure the integrity of the test aggaratus
for human tests., This test was accomplished with the Alderson ViP-
anthropomorphic manikin, Additionally, a fully instrumented test was
conducted with the VIP-95 manikin at each orientation and experimental test
level prior to human subject tests. These tests were reviewed by the
program investigators before proceeding with the human tests. As an added
precaution, an uninstrumented manikin test was accomplished each day prior
to human testing.

aAn initial series of tests was conducted with human subjects for
orientation purposes,, These tests were conducted at an acceleration level
of 8 G with a Confor™ Foam seat cushion and an X-Band 90 restraint
harness. Tests were conducted with both 0° and 10° seat-back angles (cells
X and Y respectively).

For comparative evaluation and statistical analysis, the following null
hypotheses were developed:




1. The dynamic responses of

the human body during +z-axis impact are

not different with seat-back angles of 0° and 10°.

2. There are no differences
seat cushions or no seat cushions

3. There are no differences
seat cushions or no seat cushions

4. The dynamic responses of
different during +z-axis impact.

5. The dynamic responses of
during +z-axis are not different.

6. The dynamic responses of
+Z-axis impact are not different,

7. The dynamic responses of

between the human responses when either
are used for the +z-axis impact tests.

between the manikin responses when either
are used for the +z-axis impact tests.
the ADAM and the human body are not

the GARD manikin and the human body

the ADAM and the GARD manikin during

the human body, the ADAM, and the GARD

manikins during +z-axis impact are not different when the X-Band 90 harness
or the PCU-15/P harness are used.




RESULTS
Test-by-Test Narrative
1., TEST 1419 ADAM-L CELL A

No data were present on the RAM/DECOM Lumbar 2 Force channel. The
conversion program developed by SRL incorrectly identified channel numbers
instead of multiplexer numbers. The data were correctly reprocessed. The
ADAM’s arms and legs were not properly adjusted for stiffness by SRL before
the test.

2. TEST 1420 ADAM--L CELL A
ADAM received three false start signals as the carriage was hoisted.
3. TEST 1433 ADAM-S CELL C

Noise was present in the Left Vertical Anchor X data. Repairing a
connection did not alleviate the problem. False ADAM starts occurred.

4. TEST 1434 ADAM-S CELL C
Noise was present in the Left Vertical Anchor X data.
5. TEST 1438A ADAM-L CELL C

Wire insulation melted against a hot resistor inside ADAM. A dead
battery cell was found in the right leg.

6. TEST 1438 ADAM~L CELL C

No RAM/DECOM data were present except in the Lumbar Z Acceleration
channel. The cause was a failed component in the ADAM signal conditioning
board power supply. Noise was present in the Left Vertical Anchor 2z data.

7. TEST 1439 ADAM-L CELL C

A spike was present in the Left Vertical Z Anchor Force data. The
cause was a faulty connection in the transducer line. Noise was again
present in the Left Vertical Anchor Z data. ADAM shifted seat to right and
head to left upon impact.

8. TEST 1452 ADAM-L CELL C

A spike was present in the Left Elbow Flexion data in both ADACS and
RAM/DECOM., Noise was present in the RAM/DECOM Left Flexion Knee data.

9. TEST 1453 ADAM-L CELL C

The Left Elbow Flexion data was offset in both ADACE and RAM/DECOM,




10. TEST 14€7 ADAM-L CELL C

The RAM data did not transfer to the DRASS. The cause was determined
to be an IC chip on the digital 1/0 board involved in parallel port data

transfer.
11. TEST 1494 ADAM-L CELL B

A false start caused ADAM to go into the data collection mode

prematurely. ADAM was reset and the test proceeded normally. No RAM data

were present., This was caused by a broken wire to the event marker

channel, DECOM data could not be decoded by the computer (see test 1495).

12. TEST 1495 ADAI-S CELL B

frame sync codes. No effective solution was found.
13, TEST 1499 ADAM-L CELL B

DECOM data were noisy with incorrect sync codes. This problem,
observed on earlier tests, was still uncorrected.

14. TEST 1500 ADAM-S CELL B
Bad DECOM data as observed on earlier tests,

15, TEST 1501 ADAM-S CELL E

on the Right Seat 2z load channel.
16. TEST 1502 ADAM~L CELL E

test 1545,

17. TEST 1515 ADAM-L CELL E
The cameras and lights were purposely not operated during this test,
demonstrated that they were not causing the DECOM noise.

18, TEST 1516 ADAM-L CELL E

Bad DECOM data., See further testing,

19, TEST 1538 ADAM-L CELL F

No ADAM data was present except DECOM Lumbar Z Acceleration,

The computer could not decode the DECOM data. The cause was incorrect

also

Noise was still present on six of eight DECOM channels. Prior to this
test a filter was placed on the DECOM line. A negative spike was present

Six of eight DECOM channels were still bad. Prior to this test a
shield on the DECOM line was re-connected. An ADACS wire to the Left Knee
Flexion channel was broken in the large ADAM and remained broken through

Noise was present in the DECOM data, caused by wrong frame sync codes.

which




20. TEST 1539 ADAM-L CELL F

A common ground was installed between the DDI (DECOM to DRASS
Interface) and DRASS, and connected to the DDI "pull-up" resistors, which
were originally added to improve data transmission. It was thought that
this would eliminate the noise in the DECOM data. The seat force
transducers were mistakenly zeroed with ADAM in the seat.

21. TEST 1545 ADAM-I, CELL F

The ADACS Left Knee Flexion data was zero. This problem appears to
have been occurring in the large AWM since test 1502. The cause was a
broken line between the ADAM and the ADACS connector.

22, TEST 1546 ADAM-S CELL E

The A/D board failed prior to the test due to an IC shorting to a
feed-through, The ICs were later removed and reinserted using an improved
assembly procedure.

23, TEST 1551 ADAM-L CELL D

Noise was present in the Left Vertical Anchor Z data. The cauke was a
defective sensor line.

24, Additional Procedures

Incorrect channel numbering and sensitivity polarities, which were
causing incorrect elbow and knee flexions RAM/DECOM data, were corrected,
An open negative excitation line to one of the leg sensors was repaired.
This may have occurred during the inspection.

25. TEST 1572 ADAM-L CELL B

The ADAMs were initially weighed without batteries, then correctly
reweighed with batteries.

26. TEST 1582 ADAM-L CELL E

The 90° camera jammed on the first attempt. On the second attempt,
the carriage was released before the countdown reached zero. This was
caused by a faulty switch in the medical monitor. No ADACS or RAM/DECOM
data were processed.

27. TEST 1583 ADAM-L CELL E

The cameras were turned off during the test. No RAM/DECOM data were
processed.

28, TEST 1584 ADAM-T, CELL E

The 90° camera jammed on the first attempt. The camera was replaced
with a new one.




29, TEST 1585 ADAM~L CELL F

The RAM data did not download from the ADAM, The cause was a faulty
IC chip on the digital I/0 board. This same IC chip had also failed in
test 1467.

30, Additional Procedures

A checkout of the large ADAM revealed the following Troblemsz The
Left Sternoclavicular Pronation/Retraction, Left Knee Medial/Lateral, and
the Left and Right Hip Flexion position sensors had wires broken at the
sensors., These wires were repaired and the strain reliefs improved. The
Right Knee Medial/Lateral position sensor and the Right and Left Lower lLeg
Torque Negative load cells had wires broken at the analog mother board.
The wires in the Right and Left Lower Leg Torque Positive channels were
broken at the sensor connector. The breaks appeared to be due to improper
handling and insufficient strain relief on the sensor wiring. All four
Lower Leg Torque channels were recalibrated as required.

31. TEST 1590 ADAM-S CELL C

Noise was present in the RAM Chest Z Acceleration data. Additional
ADAM channels were added prior to this test., The test revealed a defective
Head Y accelerometer and a broken positive excitation wire on the Right
Knee Flexion position sensor causing bad data on these two channels.

32, TEST 1601 ADAM-S CELL H

The Lumbar Z Moment channel was noisy. Wires in the Left Knee
Medial/Lateral Rotation and the Right Lower Leg Torque Positive channels
were broken. The parallel wire to the ADACS from the Left Knee Flexion
transducer was broken away from the PC board and the wire clip screw was
missing from the wire bundle. All appropriate repairs were made prior to
the test. Sensor offsets were increased for tests 1601-1603,

33, TEST 1604 ADAM-L CELL H

Faulty DECOM data was again present. No corrective action was taken
at this time. Noise was present on the RAM Chest Z Acceleration data,

34. TEST 1605 ADAM-L CELL I

A data dropout occurred on all ADACS and RAM/DECOM channels just after
peak acceleration, The cause was determined to be a solder splash on a
connector between a signal conditioning board and its mother board. 'The
spinal yaw-stop was damaged from impact.

35, Additional Procedures
A complete sensor check of the large manikin showed that the Pelvis Y

accelerometer was not functioning. The cause was a broken wire at the body
of the accelerometer which became free of its strain relief.
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36. TEST 1606 ADAM--S CELL H
No RAM/DECOM data were collected per instructions of test conductor.
37. TEST 1607 ADAM-S CELL H

The seat force transducers were mistakenl¥ zeroed while ADAM was
turned off. No RAM/DECOM data were collected in accordance with the
instructicns of the test conductor.

38. TEST 1608 ADAM-S CELL H
No RAM/DECOM data were ccllected as in test 1607.
39. TEST 1618 ADAM-L CELL I

A data dropout occurred as in test 1605. The spinal yaw-stop was
impacted. A negative spike was present ir the Lumbatr Z Acceleration
channel. No RAM/DECOM data were collected, reason unknown,

40. Additional Procedures  ADAM-S

Wiring problems in the ADACS Head Z accelerometer, and Lumbar Z Force
connections internal to ADAM, were repaired.

41. TEST 1634 ADAM-L CELL H

The Pelvis Y accelerometer was defective., The Left Arm
Supination/Pronation wire was broken. The Left Lower Leg Torque Fositive
connector was bad. The DECOM data had sync code errors. The spinal
yaw-stog was impacted. Two sguare waves were present on the Left
Sternoclavicular Elevation channel, 8Sensor offsets were licreased for
tests 1634-1636. Spikes were present in the RAM Right Sternoclavicular
Elevation data,

42, TEST 1635 ADAM-L CELL I

The DECOM Chest X Acceleration channel data was faulty. The Chest 2
Acceleration wire was broken, The yaw-stof was 1mTacted. The test
conductor recommended proceeding with testing despite the DECOM problems.

43, TEST 1636 ADAM-L, CELL J

The 90° camera jammed on the first and second test attempts. It was
deternined that both cameras had been swapped from their original positions
in the initial camera solutions, The DECOM data had sync errors. The

aw—stgp was impacted, The Left Knee Flexion voltage was zero for tests
637-1639.

44. 1TESTS 1637-1639 ADAM-L CELL H

The wire from the Left Flexion sensor pulled away from the PC board.
The yaw-stop was impacted. The test conductor had recommended proceeding
with the tests despite the separated wire. No RAM/DECOM data was processed
in accordance with the instructions of the test conductor.
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Structural Adequacy of ADAM

There were no major delays in the test program due to failures of any
ADAM structural components. After completion of the test program, both
ADAM manikins were inspected to assess structural damage and determine what
repairs and modifications were necessary. Below is a list of component
damage along with the recommended corrective actions.

SMALL ADAM:

1. Gouges in the shoulder clevis were discovered. The corrective
action will be to add a steel plate to the affected area, The aluminum
clevis will be machined down to allow for the plate to be installed.

2. Cocking of stop retaining rings in the elbow and knee was
observed. The corrective action will be to place washers between the rings
and the clevis, They will be of varying thickness and will limit the
motion of the stop within the clevis holes.

3. Gouges in the aluminum wrist clevis were noted. The corrective
action will be to machine the aluminum clevis and install steel or plastic
material which can be replaced in case of damaye.

4, Overstressed ugper arm thrust bearings were discovered. The
corrective action will be replacement of the damaged bearings. It was also
recommended that the torque in this area be limited to a maximum of 10
ib/in. This should be documented in the operations manual.

LARGE ADAM:

1. Gouges in the aluminum wrist clevis were discovered as in the
small ADAM,

2. Overstressed upper arwm thrust bearings were also present as in the
small ADAM,

3. Damage to the outer spine tube yaw stop was found. The motion of
the viscera box or the viscera box damper piston must be limited such that
when full vertical displacement of the two pieces ls reached, there is
still clearance between the inner tube stop and the outer tube. A

olyurethane disc will be ylaced in the tog of the outer tube. This will
imit the distance of vertical motion of the inner and outer tubes. This
disk will be placed in hoth the large and small ADAM.

ADAM Instrumentation

The data acquisition systems of the ADAM manikins were able to measure
transducer generated dynamic responses at carriage acceleration levels up
to +24 Gz. Although individual problems occurred in some channels, the
ADAM internal instrumentation system was able to condition and digitize the
data during the impact tests. Data was successfully downloaded to the
DRASS during the tests (DECOM system) and after the tests (RAM system), and
later downloaded to the Vax computer system. A list of instrumentation
failures and problems in individual tests is contained in the Test-by-Test
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Narrative. The main areas of concern were noisy data (especially in the
DECOM system), broken wires in the position sensor paths, and circuit board
failures. A thorouyh analysis of the ADAM instrumentation systems has been
reported by Strzelecki and Buhrman (4).

ADAM Sensitivity

Ti : sensitivity of the internal ADAM channels is the product of the
transducer sensitivity times the gain of the individual channel signal
conditioning circuits, and is specified in engineering units per volt.
Tables 3 and 4 list the percent changes between the initial and final
sensitivities of both low-level (requiring amﬁlification) and high-level
{no amplification required) ADAM channels, These occurred during a total
of 21 small ADAM and 38 large ADAM tests which were run over a period of
three months, with a total time between initial and final calibration of
about four and one-half months. The lcw-level channel sensitivity
variations ranged from -11,5% to 30.5% in the small ADAM with a mean
magnitude change of 9.3%, and from -17.9% to 23.3% in the large ADAM with a
mean magni‘ude change of 9.7%, The high-level sensitivity variations
ranged from -21.8% to 34..% in the small ADAM with a mean magnitude change
of 5.0%, and from --10.1% to 110.6% in the large ADAM with a mean magnitude
change of 4.9%.

TABLE 3. ADAM LOW-LEVEL CHANNEL SENSITIVITY CHANGES

SMALL ADAM | LARGE ADAM

CHANNEL NO./NAME INITIAL SENS. % CHANGE $ CHANGE

1 NECK Z FORCE 666.6 lb/volt 6.8 6.1

2 NECK Y FORCE 444.4 lbnvolt 4.0 7.2

3 NECK X FORCE 444.4 lb/volt -9.2 23.3

5 NECK Z MOMENT 555.6 lb-in 10.0 -4.0

6 NECK Y MOMENT 555.6 lb~in 13,7 -0.1

7 NECK X MOMENT 555.6 lb-in 15,1 17.8

9 HEAD 2 ACCEL 11.1 G/volt 3.2 2.8
10 HEAD Y ACCEL 11.1 G/volt 1,1 1.6
11 HEAD X ACCEL 22.2 Gyvolt -11.5 2.0
13 CHEST 2 ACCEL 11.1 Grvolt -9.5 12.4
?4 CHEST Y ACCEL 11,1 Gyvolt 9.3 15.6
15 CHEST X ACCEL 22.2 G/volt 9.7 -3.9
34 LUMBAR Y FORCE 666.6 lb/volt -8.9 14.2
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TABLE 3. ADAM LOW-LEVEL CHANNEL SENSITIVITY CHANGES (continued)
SMALL ADAM | LARGE ADAM

CHANNEL NO.,/NAME INIT1AL SENS. % CHANGE % CHANCE

35 LUMBAR X FoﬁCErr 666.6 ib/Voi; | 10.7 ;14;9 -
38 LUMBAR X MOMENT 666.6 lB—in | 6;4 7 15.0

39 LUMBAR Z FORCE 1111.1 lb/volt 7.6 21.0 |

42 LUMBAR Z MOMENT 666.6 lb-in -7.0 -17.9

43 LUMBAR Y MOMENT 666.6 lb—-in 30.5 -4.1

79 PELVIS X ACCEL 20.0 G/volt -8.5 ——

79 PELVIS X ACCEL 22.2 G/volt - -8.1

98 PELVIS 2 ACCELV ll@iré/voltrir 41.0 7-4;0 |

99 PELVIS Y ACCEL 11.1 G/volt 11.2 ——
COMBINED DATA MEAN 19.3] 19.7]

TABLE 4. ADAM HIGH-LEVEL CHANNEL SENSITIVITY CHANGES
SMALL ADAM LARGE ADAM

CHANNEL NO./NAME INITIAL SENS. % CHANGE % CHANGE
18 RT SHLDR TRANS ABD -18.2°volt -5.2 1.5

19 LFT SHLDR TRANS ABD 18.2°/volt 0.0 -4.5

22 RT SHLDR FLEXION 23.5°/volt -5.7 110.6%
23 LFT SHLDR FLEXION -23.5°/volt 1.9 -1.3

30 RT SHLDR MED/LAT -13.0°volt -0.8 10.2

31 LFT SHLDR MED/LAB 13.0°volt 3.2 9.3

50 RT STERNO ELEV/DEER 13.3°volt -0.6 -0.3

51 LF'T STERNO ELEV/DEPR 13.3°volt 0.2 -4.6

54 RT STERNO PRON/RETR 13.3°/velt -0.4 1.1

55 LFT STERNO PRON/RETR 13.3°volt -0.2 -4.6

58 RT KNEE FLEXION ~-13.3°volt 0.9 -4.0

59 LFT KNEE FLEXION -13.3°/volt 3.4 3.4
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TABLE 4.

ADAM HIGH-LEVEL

CHANNEL SENSITIVITY CHANGES (continued)

SMALL ADAM LARGE ADAM
CHANNEL NO./NAME INITIAL SENS. % CHANGE % CHANGE
62 RT KNEE MED/LAT -13,3°volt -1,6 2.3
63 LFT KNEE MED/LAT 13.3080lt | 5.2 -0.3
82 RT ARM CORONAL ABD -17.0°volt 1,9 -9.5
83 LFT ARM CORONAL ABD 17.0°volt -0.4 -1.2
86 RT ELBOW FLEXION | -14.0°/volt 4.9 0.0
87 LFT ELBOW FLEXION ~14.0°volt -9.3 ~1.6
90 RT FOREARM SUP,/PRON 17.0° volt 1.3 2.7
91 LFT FOREARM SUP/PRON | -17.0°volt 9.4 | -10.1
114 RT HIP SUPINE ABD -13.3° volt 2.8 16.3
115 LPT HIP SUPINE ABD «13.3°volt 9.1 17.9
118 RT HIP FLEXION -13.3° Avolt -1.5 -0.6
119 LFT HIP FLEXION 13.3° Avolt ~9.7 -3.3
lzerT PFTP MED/LAT -13.3°volt -4,0 1.0
123 LPFT HIP MED/LAT 13.3°volt -0,3 5.2
126 LUMBAR ROLL -13.3° Avolt 34.1 14.2
127 LUMBAR PITCH -13.3° Avolt -21.8 -1.9
COMBINED DATA MEAN 5.0 14.9]

* sxcluded from mean calculations

In addition to the percent changes from the initial to the final
gsensitivities, the means of individual test calibration voltage changes
were computed for 14 selected tests for each manikin and are shown in

Tables
volta?

5 and 6,

These calibration voltages were obtained by af
e called the RCal value to the signal conditioning circuit and taking

plying a

the difference between this value and the initial or nonkRCal voltage.

These difference voltages were then measured before and after impact. The
low-level mean voltage changes for both ADAMs were nearly all less than +
0.04 volts with a mean of 0.02 volts, which translates to a mean percent
change in calibration voltage of about 1% per test. In the ADAM high-level

channels, most meun voltage changes were less than + 0.18 volts with & mean
of 0.08 volts, which translates to a mean change in calibration voltage of
13.8% per test.




TABLE 5, MEAN ADAM LOW-LEVEL CHANNEL CALIBRATION VOLTAGE CHANGES

[ SMALL ADAM LARGE ADAM
PRE-IMPACT VOLTAGE PRE~IMPACT VOLTAGE
CHANNEL NO./NAME CAL VOLTAGE CHANGE CAL VOLTAGE CHANGE
1 NECK 2 FORCE 3.51 0.04 4.02 0.03
2 NECK Y FORCE 2.47 0.03 2,52 0.01
3 NECK X FORCE 2.89 0.02 2.20 0.01
5 NECK 2 MOMENT 2.43 0.01 2.48 0.03
6 NFCK Y MOMENT 2.55 0.02 2.80 0.02
7 NECK X MOMENT 2.50 0.01 2.56 0.01
9 HEAD 7 ACCRL 1.26 0.01 1.17 0.01
10 HEAD ¥ ACCEL 0.28 0.00 1.18 0.02
11 HEAD X ACCEL 1.22 0.01 1.29 0.01
13 CHEST 2 ACCEL 1.34 0.03 1.32 0.02
14 CHEST v ACCEL 1.24 0.03 1,14 T o0.01
15 CHEST X ACCEL 1.45 0.01 1.35 0.0L
34 LUMBAR Y FORCE 2.55 0.01 2.18 0.01
35 LUMBAR X FORCE 2.29 0.02 2.46 0.01
38 LUMBAR X MOMENT 2.87 0.02 2.71 0.02
39 LUMBAR Z FORCE 4.73 0.03 1.88 0.02
42 LUMBAR 7 HOMENT 1.95 0.04 3.08 0.02
43 LUMBAR Y MOMENT 2.15 0.04 2.86 0.08
79 LUMBAR X ACCEL 1.33 0.08 1.33 0.04
98 LUMHAR 2 ACCEL 1.40 0.02 1.24 0.01
99 LUMBAR ¥ ACCEI. 1.32 0401 1.00 0.01
COMBINED DATA MEAN 2.08 0.02 .18 0.02
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TABLE 6.

MEAN ADAM HIGH-LEVEL CHANNEL CALIBRATION VOLTAGE CHANGES

SMALL ADAM LARGE ADAM
PRE-IMPACT VOLTAGE PRE-IMPACT VOLTAGE
CHANNEL NO. /MAME CAL VOLTAGE CHANGE CAL VOLTAGE CHANGE
18 RT SHLOR AED ~1.31 0.04 -0.89 | 0.18
19 LFT SHLDR ABD 1.38 0.03 1.11 0.01
22 RT SHLDR FLEXION -0.84 0.02 -0.38 0.04
23 LFT SHLOR FLEXION 1.48 0.02 0.93 0.08
30 RT SHLOR MED/LAT 0.74 0.09 ~6.02 0.29
31 LFT SHLDR MED/TAT -0.65 0.12 -0.78 0.12
S0 RT STERN ELEV,DEP 0.40 0.21 0.43 0. 01
1 LFT STEPN ELEV/DEP -0.14 0.03 0.10 0.08
54 RT STERN PRO, RET 0.05 0.09 0.00 0.04
55 LFT STERN PRO/RET 0.02 0.05 1.18 0.03
58 RT KNEE FLEXION 0.07 0.12 1.05 0.23
59 LFT KNEE FLEXION 0.46 0.13 0.94 0.05
62 RT KNEE MED/LAT -0.03 0.05 ~0.14 0.06
63 LFT .NEE MED/LAB 1.04 0.03 0.38 0.03
82 RT ARM CORONAL ABD |  -1.00 0.08 ~0.59 0.05
83 LPI ARM CORCNAL ABD|  0.95 0.10 1.22 | 0.16
86 RT ELBOW FLEXION ~0.31 0.06 0.61 0.11
87 LFT ELBOW FLEXION -0.18 0.09 ~0.09 0.05
90 KT FOREARM SUP/PRO |  -1.58 0.09 _1.42 0.14
91 LFT FOREARM SUF,/PRO|  1.26 0.09 1.50 3.12
114 RT HIP SUPINE ABD |  0.47 0.15 0.74 0.07
115 LPFT HIP SUPINE ABD -0.46 0.15 0.52 0.07
118 RT HIP FLEXION 1.02 0.08 1.03 0.06
119 LFT HIP FLEXION -0.92 0.18 0.05 0.07
(122 RT HIP MED/1AT 0.01 0.03 0.16 0.01
123 LFT HIP MED/IAT ~0.03 0.06 ~0.10 0.04
126 LUMBAR ROLL 0.02 0.02 0.28 0.06
127 LUMBAR PITCH ~0.06 0.12 -0.25 0.0
COMBINED DATA MEAN 0.60 0.08 0.60 0.08




Repeatability of Manikin Dynamic Response

The repeatability tests consisted of five consecutive tests for each
manikin, with the exception of one non-consecutive large ADAM test. (All
the data taken from this test, however, fell within one standard deviation
of the mean). The parameters for these tests were as follows:

Test cell: C

Acceleration input: +10 Gz

Seat cushion: None

Seat-back angle: None

Restraint system: X-Band 90 harness

The standard deviation within each group of tests was used to measure
repeatability since this result is determined by the sum of the individual
deviations from the mean. Plus or minus two standard deviations indicates
the distance from the mean within which approximately 95% of all results
would be expected to occur. This value as a percent of the mean is
referred to in this study as the repeatability index.

Tables 7 and 8 give the mean peak magnitude (accelerations were
offset-adjusted) and time-to-peak values along with two standard deviations
and their percentage of the mean value, for selected ADAM channels. The
small ADAM manikin showed reasonably cood repeatability indexes for peak
magnitudes of the z-axis acceleration data, with values of 46.8% to +13.6%
for the head and chest respectively, but much higher x-axis indexes of
+23.7% and +83.5%. The small ADAM demonstrated excellent repeatability in
the Resultant Seat Force peak magnitude data with a regeatability index of
+3.0%, while the Lumbar 2 Force and Neck Z Force data had moderately high
repeatability indexes of +14.5% and +15.7%, respectively. The small ADAM
had relatively low repcatability indexee for all time-~to-peak values,
ranging from +9.1% to +11.6%, with the only exception being the Lumbar 2z
Force channel with an Index of +19.8%.

The large ADAM demonstrated excellent repeatability in the peak magnitudes
of the z-axes acceleration data, with repeatability indexes of +4.4% and
+7.2% for the head and chest, respectively. The repeatability of the
x-axes acceleration data, as in the small ADAM, showed poor repeatability,
with indexes of +16.9% and +72.8%. The large ADAM demonstrated good
repeatability in the Resultant Seat Force, Lumbar Z Force, and Neck Z Force
data, with indexes of +6.1%, +9.6%, and +8.5%, respectively. The large
AnAM also demonstrated relatively good repeatability of time-to-peak data,
with repeatability indexes ranging fron +3.1% to +14.8%.

Tables 9 and 10 indicate that the GARD manikins showed similar trends to
the ADAM manikins in repeatability, with low z-axis acceleration peak
magnitude repeatability indexes, ranging from +1.7% to +8.1%, and high
x-axis peak magnitude indexes rangina from +27.1% to +91.3%. Both GARD
manikins demonstrated excellent repeatability in the Resultant Seat Force
peak magnitude data, with indexee of +2.2% for the CG-5 and +2.3% for the
CG-95. The time-~to-peak repeatability indexes for the acceleration data
ranged from +9.9% to +18.4% for the z-axis, but were much higher for the
x~axis, ranging from ~+61.1% to +99.9%,
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TABLE 7. ADAM-S DYNAMIC RESPONSE REPEATABILITY

CHANNEL MEAN 28D | 25D%
HEAD 2 ACCEL (G) 11.33 | 0.77 +6.8%
CHEST 2 ACCEL (G) 13,25 | 1.81 | +13.6%
HEAD X ACCEL (G) -5.13 | 1,21 | +23.7%
CHEST X ACCEL (G) 1.42 | 3.69 | +83.5%
RES SEAT FORCE (LB)| 1911.8 | 58.12 | +3.0%
LUMBAR 2 FORCE (LB)| 572.9 | 82,98 | +14.5%
NECK 2 FORCE (LB) 120.4 | 18.97 | #+15.7%
HEAD Z ACCEL (mg) 72.0 5.1 +7.1%
CHEST 2 ACCEL (ms) 72.0 8.4 +11.6%
HEAD X ACCLL (ms) 125.2 | 12.3 +9.8%
CHEST X ACCEL (ms) 75.2 6.8 19.1%
RES SEAT FORCE (ms) 70.0 3.7 t5.3%
LUMBAR Z FORCE (ms)| 64.4 | 12.8 +19.8%
NECK Z FORCE (ms) 67.8 7.8 +11.5%
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TABLE 8.

ADAM~-L DYNAMIC RESPONSE REPEATABILITY

CHANNEL MEAN 2 S 2 8D %
HEAD Z ACCEL (G) 15,32 0.68 +4.4%
CHEST 2 ACCEL (G) 18.21 1.32 +7.2%
HFAD X ACCEL (G) ~5.19 0.88 +16.9%
CHEST X ACCEL (G) 1.62 1.18 +72.8%
RES SEAT FORCE (LB)| 3358.7 203.9 +6.1%
LUMBAR Z FORCE (LB)| 1291.2 124.0 +9.6%
NECK Z FORCE (LB) 186.6 15.84 +8.5%
HEAD Z ACCEL (ms) 73.4 5.4 +7.4%
CHEST 2 ACCEL (ms) 74.2 11.0 +14.8%
HEAD X ACCEL (ms) 120.8 8.9 +7.3%
CHEST X ACCEL (ms) 78.6 9.2 +11.7%
RES SEAT FORCE (ms) 72.4 2.3 +3.1%
LUMBAR Z FORCE (ms)| 71.8 3.8 +5.4%
NECK 2 FORCE (ms) 73.6 6.3 +8.5%
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TABLE 9.

CG-5 DYNAMIC RESPONSE REPEATABILITY

CHANNEL MEAN 2 8D 2 SD %
HEAD 2 ACCEL (G) 11.60 | 0.37 +3.2%
CHEST 2 ACCEL (G) 12.41 | 0.61 +4.9%
HEAD X ACCEL (G) ~0.92 0.84 +91.3%
CHEST X ACCEL (G) 1.43 | 0.54 | +37.8%
RES SEAT FORCE (LB)| 1610.2 | 35.74 +2.2%
HEAD 2 ACCEL (ms) 64.2 7.7 +11.9%
CHEST 2 ACCEL (ms) | 64.6 | 11.9 +18.4%
HEAD X ACCEL (ms) 47.6 | 29.1 +61.1%
CHEST X ACCEL (ms) 56.8 | 37.0 +65.2%
RES SEAT FORCE (ms)| 66.6 | 11.8 +17.7%

TABLE 10. CG-95 DYNAMIC RESPONSE REPEATABILITY

CHANNEL MEAN 280 | 28D%
HEAD 2 ACCEL (G) 12,13 | 0.20 +1.7%
CHEST Z ACCEL (G) 13.46 1.09 +8.1%
HEAD X ACCEL (G) -0.86 | 0.27 | +31.9%
CHEST X ACCEL (G) 1.32 | 0.36 | +27.1%
RES SEAT FORCE (LB)| 2463.8 | 57.84 +2,3%
HEAD 7 ACCEL (ms) 66.2 6.5 +9,9%
CHEST 2 ACCEL (ms) | 73.6 | 10.3 +13.9%
HEAD X ACCEL (ms) | 113.6 | 113.5 | 4+99.9%
CHEST X ACCEL (ms) | 79.0 [ 57.0 +72.2%
RES SEAT FORCE (ms) 69.2 3.6 15.2%




Direct statistical comparisons of the standard deviations between the peak
magnitude and time-to-peak mean test data of the manikins were performed
using the F-test (o = 0.05). The results are listed in Table 11, with a
significantly smaller standard deviation indicating better manikin
repeatability. Instances where no significant differences were found are
indicated by the abbreviation "NSD". There was only one significant
difference in the standard deviations between the small and large ADAM, but
several differences between the ADAM and GARD manikins. The significant
differerices which were present indicated smaller standard deviations in the
peak magnitudes of the GARD manikin responses, and smaller standard
deviations in the time~to-peak of the ADAM responses.

TABLE 11, F-TEST COMPARISON OF MANIKIN STANDARD DEVIATIONS (o =0,05)
ADAM-S ADAM-L ADAM-L
CHANNEL vs., CG-5 vs. CG-95 vs. ADAM-S
HEAD Z ACCEL (G) NSD CG~95 < A-L NSD
CHEST Z ACCEL (G) CG-5 ¢ A-§ NSD NSD
HEAD X ACCEL (G) NSD CG-95 < A-L NSD
CHEST X ACCEL (G) CG~5 < A-8 CG-95 < A-L A-L < A-S
RES SEAT FORCE (LB) NSD CG-95 < A-L -—
HEAD Z ACCEL (ms) NSD NSD NSD
CHEST 2 ACCEL (ms) NSD NSD NSD
HEAD X ACCEL (ms) A-S < CG-5 A-L < CG-95 NSD
CHEST X ACCEL (ms) A-S ¢ CG-5 A-L < CG-95 NSD
RES SEAT FORCE (ms)| A-S < CG-5 NSD _—

Manikin Simulation of Human Dynamic Response

Acceleration response

Means of human and manikin dynamic response test data for acceleration peak
magnitude (offset-adjusted) and time-to-peak values in cells A-F are listed
in Tables 12 and 13. 2All data is taken from the ADACS measurements. Mean
values of manikin test data which are more than + 2 standard deviations
from the mean of the corresponding human data are marked with an asterisk.
Observations of the Chest X Acceleration data in all cells show a tendency
for the large ADAM to generaie larger pesk magnitudes and for the other
manikins to generate lower peak magnitudes than predicted by the
corresponding human data. In the Chest Z Acceleration data, the large ADAM
and the CG-95 showed a tendency to generate larger peak magnitudes than the
human data. The large ADAM also showed a strong tendency to generate
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larger peak magnitudes in the Head Z Acceleration data than the
corresponding human data. In the time-to-peak data, all four manikins,
especially the CG-95, demonstrated a tendency to generate higher Chest X
values than the human data. The small ADAM and CG-5 showed a tendency to
produce lower than expected time-to~peak values in the Chest Z, while the
CG-5 szhowed a strong tendency to generate lower than expected time-to-peak
values in the Head Z Acceleration data.

The Wilcoxon Rank Sum test was used to statistically compare the human and
manikin data in cell C for the three acceleration measurements referred to
above, Cell C provided a good data set for comparison since it had a
sample size of at least six tests per manikin, along with the use of
standard impact test parameters, These included a half-sinusoidal
acceleration input pulse with 66 ms rise time, a seat-back angle of 0°¢, and
no seat cushion.,

TABLE 12. MEAN ACCELERATION DATA FOR CELLS A, B, AND C

CELL A

HUMAN ADAM-S ADAM-L CG-5 CG-95
CHANNEL nwl5 | 2 SD Nu) N=l Nwl Nml

HEAD Z ACCEL (G) 11.97 | 0.96 | 11.23 15,01* | 12.37 12,52

CHEST 2 ACCEL (G) | 13.84 | 1.90 | 13.60 13.74 13.54 15.45

CHEST X ACCEL (G) 4.23 | 1.90 1.95* 9.63% 1.64~ 1,87

HEAD Z ACCEL (ws) | 71.9 7.6 1. 77. 63.* 70,

CHEST 2 ACCEL (ms)| 83.3 [16.3 70, 78. 64.* 7.
CHEST X ACCEL (ms)| 70.1 [13.7 107.* 78. 95 . * 91, »
CELL B

CraeL wid | 250 | nes | ned | ool | b

HEAD 2 ACCEL (G) 12.33 | 1.46 | 12.59 15.48% | 12.48 13.01
CHEST 2 ACCEL (G) | 14.08 | 4.70 | 14.50 17.70 12.83 17,51
CHEST X ACCEL (G) 5.73 | 2.04 3.37+ 3.59* 4.56 5.97

HEAD 2 ACCEL (ms) | 75.6 7.8 72.7 76.7 63.* 72.

CHEST 2 ACCEL (ms)| 79.7 12.9 75.3 79.8 63.* 81.

CHEST X ACCEL (ms)| 68.9 12.0 74.0 73.3 85.% 95 . w

24



TABLE 12,

MEAN ACCELERATION DATA FOR CELLS A, B, AND C (continued)

CELL C

HUMAN ADAM-S | ADAM--L CG-5 CG-95

CHANNEL n=14 | 2 8D ne6 nw=8 nw6 n=6
HEAD Z ACCEL (G) 11,57 | 1.68 | 11.35 15,65% | 11.75 12,21
CHEST 2 ACCEL (G) | 13.49 | 2.56 | 13.45 17.90* | 12.56 14,13
CHEST X ACCEL (G) 3;70 3.22 4.01 2.62 1.72 1.44
HEAD Z ACCEL (ms) | 71.1 9.6 71.0 72.9 64.2 67.0
CHEST Z ACCEL (ms)| 78.1 14.6 70.8 74.6 64.5 73.7
CHEST X ACCEL (ms)| 65.1 13.8 73.8 75.8 60.0 8l.,7*

* Values outside + 2 std. dev.

TABLE 13, MEAN ACCELERATION DATA FOR CELLS D, E, AND F
CELL D
HUMAN ADAM-S | ADAM-L CcG-5 €G-95
CHANNEL n=14 [ 2 SD n=l n=1 n=2 n=l

HEAD 2 ACCEL (G) 17.23 | 4.52 | 24,72* | 20.35 22.80*% | 17.58
CHEST Z ACCEL (G) | 13.78 | 5.30 | 20.39* | 18,75 25,97* | 21,92%
CHEST X ACCEL (G) 6.36 | 3.30 7.86 5.93 3.91 2.,96%
HEAD 2 ACCEL (ms) | 40.8 9.1 31.% 35. 31.% 31.*
CHEST Z ACCEL (ms)| 46.4 21.4 33, 39. 36.5 42.
CHEST X ACCEL (ms)| 40.0 11.7 43. 47. 45,5 56, *
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TABLE 13, MEAN ACCELERATION DATA FOR CELLS D, E, AND F (continued)
f

CELL E

HUMAN ADAM~S ADAM~-L CG~5 CG—-95
CHANNEL n=l4 2 8D n=2 neG n=l nwl

HEAD Z ACCEL (G) 12.99 2.82| 12,57 | 17.29% | 13,22 12.90

CHEST Z ACCEL (G) | 14.18 3.14| 13.77 | 16.31 14,21 13.69

CHEST X ACCEL (G) 5.13 2.26 6.88 | 12.92+ 3.25 2.73%

HEAD 2 ACCEL (mg) | 70.8 10.9 58.0%| 65.8 63. 72.

CHEST 2 ACCEL (ms)!| 75.3 7.4 68.5 71.1 66, * 76.

CHEST X ACCEL (ms)| 68.4 10.7 61.5 71.8 73. 94.*
CELL P
HUMAN ADAM-S | ADAM--L CG~5 CG-95
CHANNEL n=14 | 2 sSD nm=l nwb ne=l nul

HEAD Z ACCEL (G) 14,51 1.50( 13.85 | 16.99* | 14.31 14.17

CHEST Z ACCEL (G) | 15.49 2,90 13.86 | 14.58 14.80 15.72
CHEST X ACCEL (G) 5.45 3.42 8.61 | 13.86* 2.42 2.55

HEAD 2 ACCEL (mg) | 76.8 7.70 1. 77. 69* 7.
CHEST 2 ACCEL (ms)| 79.6 7.96 75. 76.2 76, 77.
CHEST X ACCEL (mg)| 76.6 4.06 73. 78.8 79. 91,

* Values outside + 2 std. dev.

Summaries of comparisons between the means of human and ADAM acceleration
peak magnitude and time-to-peak test data using the Wilcoxon Rank Sum test
are given in Table 14. The acceleration measurements of the small ADAM were
closer to the corresponding human test data than were the other three
manikins. There were no significant differences between the small ADAM and
the human data in any of the peak magnitude measurements, with only small
differences occurring in the time-to-peak measurements of the Chest X
Acceleration (+13%) and the Chest 2 Acceleration (-9%). Both of these vari-
ations were within two standard deviations of the corresponding mean of the
human test data. The peak magnitude measurements of the large ADAM respon-
seg, however, were significantly larger than the human subjects for the Chest
Z Acceleration (+33%) and Head Z Acceleration (+35%), with a longer time-to-
ak value of the Chest X Acceleration (+16%). Of these large ADAM values,
owever, only the Head Z Acceleration peak magnitude deviated more than two
standard deviations from the corresponding mean of the human test data.
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TABLE 14, WILCOXON RANK SUM TEST SUMMARIES OF ADAM VS. HUMAN
ACCELERATION DATA IN CELL C (om0.05)

HUMAN ADAM-S ADAM-L
CHANNEL MEAN MEAN |% CHANGE MEAN | % CHANGE
HEAD Z ACCEL (G) 11.57 11,35 NSD 15.65 +35%
CHEST 2 ACCEL (G) 13.49 13.45 NSD 17.90 +33%
CHEST X ACCEL (G) 3.70 774.01 NSD 2.62 NSD
HEAD 7 ACCEL (ms) 71.1 | 71.0 NSD 72.9 NSD
CHEST Z ACCEL (ms)| 78.1 70.8 -9% 14.6 NSD
CHEST X ACCEL (ms)| 65.1 73.8 +13% 75.8 +16%

Results of the Wilcoxon analysis of the human versus the GARD manikin
responses are shown in Table 15. Both the CG-5 and CG-95 GARD manikins
showed a large decrease in mean peak nagnitude in the Chest X Acceleration
data as compared to the corresponding mean of the human test data, with
differences of -~54% and -61% for the CG-5 and CG~95, respectively.
However, due to the relatively large variation in the human test data,
neither value varied by more than two standard deviations. There were no
significant differences from the mean of the human test data in either GARD
manikin in the peak magnitudes of the Head Z or Chest Z acceleration data.
However, both GARD manikins each had two acceleration time-to-peak values
which were significantly different from the human data. In the CG-5, the
Chest 2 Acceleration time-to-peak varied by -17% and the Head 2
Acceleration time~to-peak by -10%. The CG-95 Chest X Accelecation
time-to-peal varied by +26% and the Head 2 Acceleration time-to-peak by
~-6%, Of these values, however, only the CG-95 Chest X Acceleration time-
to-peak varied by more than two standard deviations from the corresponding
mean of the human data, Effects of individual cell parameters on menikin
response are discussed in Sectione 3.7 thru 3,10 of Results.

TABLE 15, WILCOXON RANK SUM TEST SUMMARIES OF GARD VS. HUMAN
ACCELERATION DATA IM CELL C (om0.05)

HUMAN cG-5 CG=~98
CHANNEL MEAN MEAN |% CHANGE | MEAN |% CHANGE
HEAD 2 ACCEL (G) 11.57 11.75 NSD 12.21 NSD
CHEST 2 ACCEL (G) 13.49 12.56 NSD 14.13 NSD
CHEST X ACCEL (G) 3.70 1.72 «54% 1.44 ~61%
HEAD Z ACCEL (ms) 7.1 64.2 -10% 67.0 -6%
CHEST Z ACCEL (ms) 78.1 64.5 =-17% 73.7 NSD
CHEST X ACCEL (ms) 65.1 60.0 NSD 81.7 +26%
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Seat forces

Regression lines computed for the human data set, with intervals evaluated
to two standard deviations, are plotted for Resultant Seat Force peak
magnitudes versus subject weight, and are shown in Figures 1-6. All
corresponding data points for the four manikins are also shown on the
graphs (plots for Cell D are included, but since an input pulse with a
rapid rise-time was employed, they will not be referenced in this section).
The plotted measurements of the small ADAM show the closest fit to the
human test data, with all points being located within or just outside the
two standard deviations interval of the human data regression line. Both
the CG-5 and CG~95 data also show a good fit with the exception of Cell E,
where both manikins show a somewhat lower value than the human data. The
large ADAM peak magnitude responses, however, are consistently larger than
the corresponding human test data in all cells, It should be noted,
however, that the regression line was extragolated for weights over 194
pounds since no human test data was available at heavier subject weights.

Manikin response vs. carriage acceleration level

Figures 7-9 show plots of acceleration mean peak magnitudes as a function
of carriage (sled) agceleration level for all four maniking. All tests
utilized the Confor™  Foam seat cushion and the X~-Band 90 restraint
harness. The Head Z and Chest Z acceleration plots all demonstrated fairly
linear increases in peak magnitude with increasing carriage acceleration
levels, with the large ADAM plots showing magnitudes consistently larger
than the other three manikins. Ir addition, the slopes of the large ADAM
data plots were about twice as high as the slopes of the other three
manikins, With the exception of the small ADAM, the increases in Head X
Acceleration mean peak magnitudes were somewhat non-linear, with the ADAM
manikins showing larger peak magnitudes at all carriage acceleration levels
than the GARD manikins.

Figures 10-12 show plots of manikin Resultant Seat Force, Lumbar 2 Force,
and Neck Z Force mean peak magnitude veraus carriage acceleration level
(only the small and large ADAM plots were available for the Lumbar 2 and
Neck Z responses). All plots show linear increases in peak magnitude with
increasing carriage acceleration level, The plots als: demonstrate
increasing peak ma?nitude and slope with increasing manikin weight at all
carriage acceleration levels.

Transfer function analysis

A computer program was employed to solve Chest Z Acceleration/Seat 2
Acceleration and Head Z Acceleration/Seat Z Acceleration dynamic response
transfer function equations for resonant frequencies and damping ratios of
all human tests, as well as one tast with each manikin for cells A~F, The
program utilized the Dynamic Response Index (DRI) a mathematical model
developed by AL which describes the human body as a mechanical system. (2)
The fit of the model was demonstrated by using the computed values t.o solve
for the acceleration response magnitudes over time and comparing these
plots Lo the actual empirical response data of two small ADAM and twu large
ADAM tests. The results of the plots are shown in Appendix D, All curves
show a reasonably good fit, although the large ADAM empirical acceleratisn
peak magnitude is somewhat hi?her than predicted by the model. The human
mean vesonant frequency for all cells inciluding both acceleration ratios
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was computed at 12 Hz with a damping ratio of 0.35. These results are

similar "o those obtained by Wittman (9) who used a spring-mass-damper

model to analyze tests performed on the same vertical drop facility and
ohtained a resonant frequency of 10 Hz and a damping ratio of 0.3.

The results of the resonant frequency computations are shown in Table 16,
with asterisks indicating manikin data lying more than two standard
deviations outside the mean of the corresponding human test data. The
resonant frequencies of all four manikins were reasonabl¥ close to the
human data in all six cells. Although some of the manikin values were
slightly outside of the two standard deviations interval, even those values
were nearly all within the expected frequency range of 10-12 Hz.

The results of the damping ratio computations are shown in Table 17. All of
the damping ratios for both GARD manikins were within two standard deviations
of the mean of the human test data, The large ADAM results show two damping
ratios slightly outside the lower two standard deviations boundary. The small
ADAM results for the Head Z Acceleration/Seat Z Acceleration computations show
damping ratios of 0.718 and 0.740 for cells A and C respectively, which are
much higher than predicted by the human test data.

TABLE 16. RESONANT FREQUENCY

Head 2 Acéel/Seat Z Accel

CELL HUMAN 2 S ADAM~S | ADAM-L CG-5 CG-95

A | 12.55 | 1.86 | 10.65% | 10.46% | 13.75 | 11.7
B | 12.11 | 1.40 | 11.65 | 12.36 | 11.64 | 13.58+
¢ | 11.72| 2.60 | 12.88 | 12.18 | 12.16 | 11.58
D | 11.44 | 3.08 | 11.32 | 10.46 | 12.86 | 12.77
(& | 12.31 | 1.80 | 12.43 | 12.16 | 11.36 | 11.20
F | 12.03 | 1.44 | 12.38 | 11.95 | 11.11 | 10.94

Chest Z Accel/Seat Z Accel

CELL HUMAN 2 SD ADAM-S | ADAM-L CG-5 CG-95
A 12.51 1.15 10.95* | 10.68* | 13.13 12.61
B 12.60 0.98 11.05% | 12.16 11.47* | 12.29
C 12,87 0.94 12.81 12.09 11.71* | 12,90
D 9.91 3.52 10.84 10.48 12.73 12.55
E

F

12,54 0.94 12.49 12.33 11.22* | 12.69
12,34 0.60 12.47 12.11 10.86* | 10.73

* Values outside + 2 std. dev.
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TABLE 17. DAMPING RATIO

Head Z Accel/Seat Z Accel

CELL HUMAN 2 8D ADAM-S | ADAM-L CG-5 CG-95
A | 0.400 | 0.169 | 0.718% | 0.226% | 0.520 | 0.506
0.343 | 0.309 | 0.419 | 0.245 | 0.490 | 0.491
0.431 | 0.220 | 0.740% | 0.221 | 0.594 | 0.477
0.338 | 0.128 | 0.425 | 0.228 | 0.362 | 0.344
0.353 | 0.295 | 0.276 | 0.216 | 0.433 | 0.399

F 0.240 | 0.146 0.266 0.161 0.381 0.343

m|lojlalw

Chest Z Accel/Seat 2 Accel

CELL | HUMAN 2 8D ADAM-S | ADAM-L CG-5 CG-95
A 0.315 | 0.329 0.346 0.284 0.412 0.313
B 0.310 | 0.209 0.313 0.222 0.479 0.276
C 0.360 | 0.179 0.352 0.199 0.5%4 0.368
D 0.592 | 0.350 0.322 0.232*% | 0,336 0.301
E

13

0.323 | 0.115 0.290 0.256 0.403 0.328
0.254 | 0.128 0.285 0.204 0.326 0.295

* Values outside + 2 std. dev.
Seat Cushions

Human dynamic¢ response

Wilcoxon Signed Rank tests were Terformed in order to compare the effects
of using two different seat cushions on human dynemic response, The
results of comparing impact tests with the Confor™" Foam seat cushion to
tests using no seat cushion (Cell A vs. C), and tests comparing the ACES II
cushion to tests using no seat cushion (Cell F va. E), for mean Head Z,
Chest 2, and Chest X accelerations, and Resultant Seat Force, are shown in
Tables 18 and 19. The Confor®" Foam seat cushion had a negligible effect
on all responses, with only slight differences occurring in the data
between the cushion and the no seat cushion conditions., The ACES Il geat
cushion condition, however, showed small increases in the Chest 2
Acceleration (+9%), Head 2 Acceleration (+12%), and Resultant Seat Force
(+1%) mean peak magnitudes, and increases ranging from +6% to +12% in all
four mean time-to-peak values.
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TABLE 18. WIHHPXON SIGNED RANK TEST SUMMARIES FOR HUMAN SUBJECT

CONFOR™ FOAM SEAT CUSHION COMPARISONS (o = 0,05)
NO CUSHION |CONFOR™ poam %

CHANNEL CELL C CELL A CHANGE
HEAD Z ACCEL (G) 11,57 11.97 +3%
CHEST 2 ACCEL (G) 13.49 13.84 NSD
CHES"? X ACCEL (G) 3.70 4.23 NSD
RES SEAT FORCE (lb) 2216 2161 NSD
HEAD Z ACCEL (ms) 71.1 71.9 NSD
CHEST 2 ACCEL (ms) 78.1 83.3 +7%
CHEST X ACCEL (ms) 65.1 70.1 NSD
RES SEAT FORCE (ms) 76.7 76.8 NSD

TABLE 19, WILCOXON SIGNED RANK TEST SUMMARIES FOR HUMAN SUBJECT

ACES II SEAT CUSHION COMPARISONS (a = 0.05)

NO CUSHION ACES I1I %

CHANNEL Cell E Cell F CHANGE
HEAD Z ACCEL (G) 12,99 14,51 +12%
CHEST Z ACCEL (G) 14.18 15.49 +9%
CHEST X ACCEL (G) 5.13 5.45 NSD
RES SEAT FORCE (1lb) 2398 2425 NSD
HEAD 2 ACCEL (ms) 70.8 76.8 +8%
CHEST 2 ACCEL (ms) 75.3 79.6 +6%
CHEST X ACCEL (ms) 68.4 76.6 +12%
RES SEAT FORCE (ms) 73.8 78.1 +6%

Manikin dynamic response

The effects of the Confor ' Foam seat cushion on the ability of the
maniking to simulate human dynamic response were varied. Table 12 shows
that all manikins in Cell A excegt the lafﬂe ADAM, demonstrated decreased
human respnonse simulation with the Confor™ Foam cushion. This was
evidenced by the larger number of data means in Cell A outside the two
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standard deviations interval of the mean of the corresponding human data,
as compared to Cell C, which used no seat cushion. The CG-5 showed the
poorest performance of the four manikins, with all of its time-to-peak
measurements occurring outside the interval. Effects on seat forces can be
seen in comparing the Resultant Seat Force peak mamitude versus subject
weight plots in Figure 1 for tests with the Confor™ Foam seat cushion
(Cell A), and Figure 3, without the cushion (Cell C). The data for all
four manikins show a slightly closer f£it tp,the corresponding human data
regression line in Cell A, with the Confor™" Foam seat cushion, than in
Cell C, with no seat cushion.

Effects of the Confor " Foam seat cushion on manikin dynamic response at
increasing G-levels are shown in Figure 13, Mean peak magnitudes versus
carriage acceleration level are plotted for Head 2z, Chest Z, and Head X
accelerations, and Resultant Seat Force, with and without the seat cushion
for the CG-5 manikin (only the CG-5 data was available for this test
condition). The plots show a close fit between the seat cushion and no
seat cushion conditions for both Head Z and Chest 2 acceleration data. The
Head X Accelera&ﬁon plots show larger peak magnitude values at all G-levels
with the Confor™ Foam cushion than in the no seat cushion condition. The
plots for the Resultant Seat Force show a close fit of the data for the two
conditions, with the exception of the 20 G carriage acceleration levgﬁ,
which shgys a smaller peak magnitude force in tests using the Confor™ Foam
seat cushion.

Employing the ACES II seat cushion did not appear to have a significant
effect on the simulation of human dynamic acceleration responses by any of
the manikins. The response data in Cell E (without ACES II) and Cell F
(with ACES II) of Table 13 are fairly similar, with slightly more data
means occurring outside the two standard deviations interval of the corre-
sponding human data in Cell E than in Cell F. The small ADAM and the CG-5
had fewer data means outside the interval (1 and 2 respectively) overall in
both cells than the large ADAM and the CG-95 (4 and 3 respectively).
Effects on seat forces can be seen in comparing the Resultant Seat Force
peak magnitude versus subject weight plots in Figure 5 for tests with no
gseat cushions (Cell E), and Figure 6, with the ACES II seat cushion (Cell
F). The manikin data in Cell F, with the ACES II, show a closer fit to the
corresponding human regression line in nearly all instances.

Restraint Harness

Human dynamic response

Wilcoxon Signed Rank tests were performed in order to compare the effects of
the two restraint harnesses on human dynamic response. e results of com-
paring the X-Band 90 with the PCU-15/P (Cell C vs., E) for Head Z, Chest Z,
and Chest X accelerations, and Resultant Seat Force, are shown in Table 20.
The mean peak magnitude of the Chest X Acceleration data was substantiall
greater (+38%) with the PCU-15/P restraint harness than with the X-Band 9
restraint harness. Smaller increases in the peak magnitude data occurred in
the PCU-15/P condition in the Chest 2 Acceleration (+5%), Head Z Acceleration
(+11%), and Resultant Seat Force (+10%). There were no cignificant differ-
ences between the two harnesses in any of the time-to-peak :usponse data.
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TABLE 20. WILCOXON SIGNED RANK TEST SUMMARIES FOR HUMAN SUBJECT RESTRAINT
HARNESS COMPARISONS (a = 0.05)

X-BAND 90 | PCU-15/P 3
CHANNEL Cell C Cell E CHANGE
HEAD Z ACCEL (G) 11.68 12.99 +11%
CHEST 2 ACCEL (G) 13.47 14.18 +5%
(cuEsT X ACCEL (G) 3,73 5.13 +38%
RES SEAT FORCE (1b)| 2188 2398 +10%
HEAD Z ACCEL (ms) 70.7 70.8 NED
Z'-I;.EST Z ACCEL (ms) 77.9 75.3 NSD
CHEST X ACCEL (ms) 64.7 68.4 NSD
RE3 SEAT FORCE (ms) 75.5 73.8 NSD

Manikin dynamic response

Summaries of mean peak magnitude and time-to-peak of acceleration data for
tests performed with the X-Band 90 restraint harness are shown in Cell C of
Table 12, and results of tests with the PCU-15/P harness are shown in Cell E
of Table 13, All manikins except the large ADAM demonstrated slightly bettar
simulation of humon response in Cell C, with the X-Band 90 harness, as
indicated kv fewer data means outside the two standard deviations interval of
the correspoiiing human data. However, it should be noted that with the
exception of ihe large ADAM, the manikin sample size in Cell C was much
lar?er than Lhat of Cell B, so differences in the two cells’ standard
deviations would be expected.

Resultant seat Force peak magnitude values vs. subject weight are plotted for
tests with the X-Band 90 harness in Figure 3 (Cell C) and with the PCU-15/P
harness in Figure 5 (Cell E), The data for the CG-5, CG-95, and small ADAM
manikins all show & slightly closer fit to the corresponding human data
regression line in Cell C, with the X-Band 90 harness, while the data for the
large ADAM shows a slightly cleser f£it in Cell E, with the PCU-15/P harness.

Seat-Back Angle

Human dynamic response

Wilcoxon Signed Rank tests were performed in order to determine the effocts
of varying the seat-back angle on human dynamic response. The results of
comparing a seat-back angle of +10° and 0° (Cell B vs., A) and a seat-back
angle of -10° and 0° (Cell L vs. A) for Head 2z, Chest 2, and Chest X
accelerations, and Resultant Seat Force, are shown in Tables 21 and 22. The
effects of both seat-back angles were negligible with the excegtion of the
Chest X Acceleration data, whose peak magnitude increased by 38% with the
+10° seat-back angle anl decreased by 24% with the -10° seat-back angle,
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TABLE 21. WILCOXON SIGNED RANK TEST SUMMARIES FOR HUMAN SUBJECT +10°

SEAT-BACK ANGLE COMPARISONS (o = 0.05)

0° SEAT-BACK |+10° SEAT-BACK %
CHANNEL Cell A Cell B CHANGE
HEAD Z ACCEL (G) 12.03 12,33 NSD
CHEST 2 ACCEL (G) 13.80 14,08 l‘iSD
CHES’I‘ X ACCEL (G) 4.16 5.73 +38%
RES SEAT FORCE (1b) 2145 2135 NSD
HEAD Z ACCEL (us) 71.8 75.6 +5%
CHEST Z ACCEL (ms) 82.2 79.7 NSD
CHEST X ACCEL (ms) 69.7 68.9 NSD
RES SEAT FORCE (ms) 77.0 76.6 NSD
TABLE 22. WILCOXON SIGNED RANK TEST SUMMARIES FOR HUMAN SUBJELT -10°
SEAT-BACK ANGLE COMPARISONS (o = 0.05)
0° SEAT-BACK [=~10° SEAT-BACK %
CHANNEL Cell A Cell L CHANGE
HEAD Z ACCEL (G) 12.01 11.89 N8D
CHEST 2 ACCEL (Q) 13,91 14,07 N8D
CHEST X ACCEL (G) 4.12 3.12 ~24%
RES SEAT FORCE (1lb) 2205 2250 NSD
HEAD % ACCEL (ms) 71.3 72.5 NSD
CHEST 2 ACCEL (ms) 82.5 78.1 NSD
CHEST X AC(™"L (ms) 69.7 72.0 NSD
RES SEAT FPORCE (ms) 17.6 80.7 NSD

Manikin dynamic response

Table 12 shows the effects of variation in seat-back angle on the
simulation of acceleration response by the manikins. The results obtained
in Cell A, with a soat-back angle of 6”, were similar to cell B, with a
seat-back angle of +10°, In both cells, the poorest simulation of human
response as evidenced by a greater number of mear acceleration data lying
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outside the corresponding two standard deviations interval of the human
data, occurred in the large ADAM peak magnitude values and the CG-5
time-to-peak values. Resultant Seat Force peak magnitude data are plotted
for tests with a seat-back angle of 0° in Figure 1 (Cell A) and a seat-back
angle of +10° in Figure 2 (Cell B). The manikin data in both cells show a
similarly close fit to the corresponding human data regression line, with
the exception of the large ADAM, whose data show a closer f£it to the human
data in Cell A than in Cell B.

Varying Rise-Time

Human dynamic response

Ttke effect on human dynamic response of employing a deceleration input
pulse with a rapid rise~time was demonstrated by a series of tests which
used metering pin number 46 on the VDT facllity (Cell D). This pin |
encrates a half-sinusoidal 24 ms rise-time input pulse, as opposed to pin
02 (66 ms rise~time), which was used for all other test cells. Wilcoxon
Signed Rank tests comparing Cell C with Cell D were performed in order to
compare the effects of the rapid rise-time pulse on human responge, and
are shown in Table 23. Employing the rapid rise~time pulse resulted in
increases in the peak magnitudes of the Head 7 Acceleration und the Chest X
Acceleration data of 48% and 71% respectively, with no significant change
in the Chest Z Acceleration. 1In addition, the peak magnitude of the
Resultant Seat Force data decreased by 12%. Also, all four of the
corresponding time-~to--peak values decreased by 38-50%.

TABLE 23, WILCOXON SIGNEL RANK TEST SUMMARIES FOR HUMAN SUBJECT
VARYING RISE-TIME COMPARISONS (o = 0,08)

66 1S 24 M8 3
CHANNEL Cell C Cell D CHANGE
HEAD 2 ACCEL (G) 11.68 17.23 +48%
CHEST 2 ACCEL (@) 13.47 13,78 NE8D
CHEST X ACCEL (@) 3.73 6.36 +71%
RES SEAT FORCE (lb)| 2108 1920 124
HEAD 7 ACCEL (ms) 70,7 40.8 -42y
CHEST 2 ACCEL (ms) 17.9 46.4 -40%
CHEST X ACCEL (ms) 64,7 40.0 ~38y
RES SEAT FORCE (ms)|  75.5 37.5 -50%

Manikin dynamic response

As sesn in a comparison of cells C and D in Tables 12 and 13, employing an
input pulge with a rapid rimse-time caused large increases in the peak
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magnitudes of the acceleration data and large decreases in the time-to-peak
measurements in all four manikins. The small sample size in Cell D,
however, precludes statistical significance., In Table 13, Cell D, the mean
peak magnitudes of the Chest 2 and Head Z Acceleration data in al) four
manikins demonstrates a decrease in their ability to simulate z-axis human
dynamic response in the rapid rise~time condition. This is evidenced by
the peak magnitudes of the data being much greater than the mean of the
corresponding human data for those measurements. In the Chest X
Acceleration data, however, all manikin peak magnitude values except the
CG-95 were within two standard deviations of the mean of the corresponding
human data. The mean time~to-peak values of all four manikins were larger
for the Chest X Acceleration and smaller for the Chest 2 and Head 2
accelerations than the corresponding human data. As in the peak magnitude
data, not all the variations were greater than two standard deviations from
the mean of the corresponding human data. Overall, the large ADAM most
closely approximated the human response data for the rapid rise-time
condition, with no mean peak magnitude values nor time-to-peak values
outside the two standard deviations interval of the human data.

The etffects of the rapid rise~time input pulse on the peak magnitude of the
Resultant Seat Force for the manikins can be seen in Figure 4, The seat
forces of all four manikins were much greater than two standard deviations
from the regression line of the corresponding human data, as compared to
Figure 3 (Cell C), where only the large ADAM mean psak magnitude was well
outside the two stundard deviations interval.
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DISCUSSION
ADAM Reliability

Both the small and large ADAM were found to be structurally sound, with no
major damage occurring in any tests at impact levels up to 24 G in the
z—-axis direction. Data acquisition, however, was often incomplete, due
mostly to broken wires, noisy channels, and circuit board failures. The
DECOM system was plagued with excessive noise throughout much of the
testing until a grounding problem in the data link was discovered and
cotrected. Although the ADAM sensors appeared to perform well during
impact, the internal ADAM paths providing signal transmission and sensor
excitation were sometimes interrupted due to breaks in the wiring or sensor
connections.

ADAM Sensitivity

The sensitivity of the ADAM channels is the product of the transducer
sensitivity times the gain of the individual channel signal conditioning
circuits, and is specified in engineering units per volt, Since the
transducer sensitivity is normally a constant value as specified by the
manufacturer, the variations in sensitivity would be due to changes in the
amplification properties of the ADAM signal conditioning circuits. These
changes probably occurred slowl¥ over time as the ADAM power was turned on
and off and as the instrumentation was subjected to impacts. This would
appear to be the case since only small changes in senslitivity were found
when comparisons of several channels were made after a much shorter period
of time with a small number of impacts. Also, the mean low-level
calibration voltages for both ADAMs varied by less than 1% per test, which
is also indicative of relatively gradual changes in the gensitivities, In
summarg, the ADAM channel sensitivities agpear to be relatively stable for
individual impact tests. Periedic recalibration is recommended, however,
for multiple tests over extended periode of time.

The mean variations per test in the calibration voltages for the low-level
channels were much less than for the high~level channels (+0.02 volts vs.
+0.08 volts)., The differences between these values would appear to be
attributable to differences between the two channel systems, Both systems
use a potentiometer to shunt the calibration voltage across the sensors,
but the low-level s¥stem uses adjustable resistors as compared to fixed
resistors for the high-level system., The low-level system accelerometer
and load cell sensors have a relatively constant impedance while the
high-level system position sensors vary their resistance with movement of
body segments. Also, the applied calibration voltages receive additional
amplification in the low-level system before being filtered, The
differences in calibration voltage variations between the high- and
low-level systems, therefore, a?pear to be caused by the variations in
loading of the applied calibration voltages due to one or more of these

circuit differences, It should be noted that the calibration check system
wae designed only to provide an indication of defects in channel operation
either before ot during the test., Although it does give some information
on channel stability for individual tests, this information does not
necessarily correlate with long term channel sensitivity.




Repeatability of Manikin Dynamic Response

Both the ADAM and GARD maniking demonstrated reasonably good repeatability
in the +Gz direction for both acceleration and force data. Some v.riation
between tests would normally be expected due to slight differences in the
harness tensions, manikin positioning, and acceleration input profiles.
For manikin test programs concerned with repeatability of peak magnitude
z-axis impact test data, a good rule of thumb would be small ADAM +15%,
large ADAM +10%, CG-95 +B8%, and CG-5 +5%.

Both the ADAM and the GARD manikins afpeared to demonstrate poor
repeatability in the x-axis acceleration data. The poor x-axis
regeatability was not unexpected since the carriage acceleration input
pulse in the z-axis direction resulted in smaller peak magnitudes of the
x-axis acceleration response data, Standard deviations used to measure
x-axis repeatability therefore appear as larger percentages of the means.
Direct comparisons getween the ADAM and GARD manikins for both axes show u
general trend of better repeatability of peak magnitude data in the GARD
manikine and better repeatability of the time-to-peak data in the ADAM
manikins.

Manikin Simulation of Human Dynamic Response

The small ADAM was most consistently able to simulate human dynamic
response, as evidenced by a closer fit of the small ADAM response data with
the corresponding human data than the other three manikins, This was true
in both numbers nf mean acceleration response data within the two standard
deviations interval of the mean of the corresponding human data, as well as
in comparisons of manikin and human responses in Wilcoxon Rank Sum tests.
The small ADAM seat force peak magnitudes were also consistently very close
to the predicted human mean values as demonstrated by linear regression
analysis., Results consistent with the human data were also obtained in the
transfer function analysis computations of the resonsnt frequencies and
damping ratios, although two of the small ADAM damping ratios were higher
than expected.

The larye ADAM demonstiated inconsistent simulation of human dynamic
response, as demonstrated by the analysis technigues discussed above., The
neasutred peall magnitudes of the acceleration data, particularly in the
z-axils, tended to be greater than the corresponding human data, although
the large ADAM was able to accurately simulate the human responses in
measuring the acceleration time-to-peak, LUineat regression analysis showed
the large ADAM seat force measurements to be substantislly larger than
those predlcted by the human datu. However, it should be noted that the
corresponding human regression data was interpolated since no hunan data
was avallable at weights as great as the weight of the large ADAM,
Transfer function analysis showed large ADAM resonant frequencies and
damping ratlos tc be reasonably close to the mean of the human data.

Both GARD manikinsg demonstrated inconsistent simulavion of human dynamic

regponse. Peak magnitude measurements of the CG-5 and CG-95 acceleration
data in the z~axie were reasonably clnse to the corresponding human data,
but time-to-pea measurements and the Chest X Acceleration peak magnitude




datz were not as close to the human data as were the ADAM manikins. Linear
regression anaiysis showed that the measured peak seat forces wf the GARD
manikins -ere not as close to the corresponding human data as were the
small ADAM, but were closer than the large ADAM values. The ccmputed
resonant frequencies and damping ratios were found to be reasonably close
to the human data for both GARD manikins,

Seat Cushions

Employing the Confor™" Foam seat cushion appeared to have almost no effect
on the human acceleration and force data which were analyzed with Wilcoxon
Signed-Rank tests. Analysis of manikin acceleration data, however,
demonstrated decreased simulation of human dynamic responce in all four
manikins when using the cushion. Manikin simulation of humar response in
measur*ﬂg seat force data, however, actually inproved when using the
Confor®" Foam cushion. This was evidenced by the closer fit to the human
data regression line of the manikin response data obtained while using the
seat cushion, as opposed to the no seat cushion condition. The seat
cushion appeare! to have very little effect on manikin (only the CG-5
measurements were availoble) peak magnitude acceleration and seat force
data at higher impact levels up to 24 G, with the exception of the Head X
Acceleration data, where the peak magnitudes were larger when using the
cushion.

Use of the ACES II seat rushion in human tests resulted in sliyht increases
in the z-axis acceleration peak magnitude data and slight increases in all
time-t-. peak data. The ACES II cushion did net appear to have any
noti:.zable effect on the simulation of human acceleration response by the
manikins. However, as with the Confor™" Foam cuchion, use of the ACES IX
geat cushion did result in improved manikin simulation of human seat force
response data,

Restraint Harnesses

The X-Band 90 restraint harness appeared to outperform the PCU-15/P harness
in both human and manikin tests. Employing the X-Band 90 harness in human
tests resulted in lower peak magnitudes in the acceleration and seat force
data than the PCU-15,P. Also, all manikins demonstrated better simulation
of human acceleration response with the X-Band 90 harness than with the
PCU-15/P. 1In regression analysis of the seat forces, three of the four
manikins showed a closer fit to the human data when using the X-Band 90
harness.

Seat-Back Angle

Variation in the seat-back angle in human tests significantly affected only
the peak magnitude of the Chest X Acceleration data. Test: with a
seat-back anjle cf +1n° demonstrated an increase in peak magnitude, while
tests with an angle of -10° showed a decrease in peak magnitude. The
seat-back angle of +10° did not appear to have any signifiant effect on
the ability of the manikins to simulate human dynamic response.
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varying Rise-~Time

Employing an acceleration input pulse with a rapid rise-time (24 ms) in
human tests resulted in increases in the peak magnitudes of the
acceleration data and a decrease in the peak seat force. The manikin tests
demonstrated similar increases in the peak magnitudes of the acceleration
data, but showed increases in the peak seat forces. The manikins also
demonstrated decreased simulation of human dynamic response in the rapid
rise~time condition, since the peak magnitudes of the z-axis acceleration
data as well ag the peak seat forces were substantially higher than the
means of the corresponding human data taken from the same cell. Both the
human zubjects and the manikins demonstrated substantial decreases in
time-to-peak measurements in the rapid rise-t'me condition. This was as
expected since the 24 ms rise-time input pulsec of the carriage was being
translated into more rapid rise-times for the ‘ndividual time-to-peak
responses,
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SUMMARY AND CONCLUSIONS
Summary

Small and large prototype ADAM manikins, along with CG-5 and CG-95 GARD
maniking, were suhjected to impacts of up to 24 G on the AAMRL Vertical
Deceleration Tower. Human subjects were also tested at levels of up to 10
G using the same facility. The variables tested were impact level, seat
cushion, restraint harness, seat-back angle, and rise-time of carrlage
acceleration input pulse, Data was recorded for carriage acceleration and
velocity, harness anchor loads, head acceleration, chest acceleration,
lumbar acceleration, neck force, lumbar force, seat force, and arm and leg
motions. The test data was analyzed to evaluate ADAMs’' structural
adequacy, instrumentation reliability, repeatability of response, and
ability to simulate human dynamic response. The results of the ADAM tests
were also compared to tests with other manikins currently in use by the Air
Force,

conclusions

Both the small and large ADAM manikins were found to be structuraily sound
at tests up to 24 G in the z-axis. Data acquisition, however, was often
incomplete, due mostly tc broken wires, noisy channels, and circuit board
failures. Both ADAM manikins demonstrated reasonably good repeatability of
acceleration and force data in the direction of impact, although the
sensitivities c¢f the ADAM channels appeared to gradually change with
repeated tests, thus demonstrating the need for pericdic recalibration.

An important criteria in evaluating the usefulness of manikins in impact
testing is their ability to simulate human dynamic response. By
demonstrating that a strong correlation exits in the measured external
accelerations and forces between humans and manikins, internal human
resgonse and injury predictions can then be inferred from manikin tests at
high-impact levels. Although the small ADAM appeared to demonstrate
relatively consistent simulation of human dynamic response in z-axis impact
tests, the large ADAM had a tendency to generate laivger peak magnitude
acceleration and seat force data than predicted by the corresponding human
data, Therefore, the large ADAM can not be used to accurately simulate
human dynamic response unless basic design changes in its mechanical
responge properties are implemented.

In summary, the performance of the ADAM protot maniking did not a fear
to meet the expectations of the Air Force or the ADAM designers. While
the ADAM manikins offered improved data acquisition technology and proved
to be structurally sound, the instrumentation systems were found to be
unreliable over a long series of impact tests. However, with improvements
to the instrumentation wiring and the correction of failure-prone
components, the small ADAM could be useful in providin? data in impact and
ejection testing. The large ADAM, however, would require more extensive
gesign modifications in order to be expected to generate accurate impant
ata,

In addition to evaluation of the ADAM manikins, the effects of several
other variables during the impact tests were analyzed. 1In seat cushion
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comparisons, the Confor™ Foam cushion appeared to outperform the ACES I1I
cushion when measuring human dynami@Mtesponse. This was demonstrated by
the negligible effect of the Confor™ Foam cushion on acceleration and seat
force data, compared to the slight increases in the peak magnitudes of the
z-axis acceleration data nbserved in tests with the ACES II. The ACES II
geat cushion, however, did appear to have less effgﬁt on the manikins’
ability to simulate human response than the Confor™™ Foam cushion,

Restraint harness evaluations indicated that the X-Band 90 harness appeared
to outperform the PCU-~15/P harness in both the human and manikin tests.
This was evidenced by the lower peak magnitudes observed in the human
acceleration and seat force data when using the X-Band 90, as well as the
improved ability of the manikins to simulate human dynamic response.

Variations in the seat-back angle significantly affected only the peak
magnitude of the chest acceleration data in the x-axis direction. Since
the effects on the larger z-axis accelerations and geat forces were
negligible, it would appear that the seat-back angle can be adjusted up to
é 10° without increased risk of spinal injury in +Gz impact tests up to 1C

Impact tests employing a rapid rise-time half-sinusoidal input pulse
resulted in a significant increase in the peak maynit.le of the head
acceleration in the z-axis direction, in both human and manikin tests.

This may pose an increased risk of head/neck spinal injury in eiection
systems at higher G-levels with similar rapid acceleration profiles.
Caution should be observed in correlating manikin tests with human response
using these acceleration parameters, since all maniking showed a dacrease
in s?eir ability to simulate human dynamic response in the rapid rise-time
condition.
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INTRODUCTION

This report was prepared by DynCorp for the Harry G. Armstrong Aerospace
Medical Research Laboratory (AAMRL/BBP) under Air Force Contract
F33615-86-(-0531,

The information provided herein describes the test facility, seat
fixture, restraint configurations, seat cushions, test subjects, data
acquisition, instrumentation procedures and the test configurations that
were used in The Vertical Impact of Humans and Anthropomorphic Manikins
(VIHAM) During +Gz Impact Acceleration Test Program. Two hundred eighty
tests were conducted from Septemler 1987 through March 1988 on the
Vertical Deceleration Tower Test Facility.

1, TEST FACILITY

The AAMRL Vertical Deceleration Tower, as shown in Figure A-1, was used
for all of the tests.

The facility consists of a 60 foot vertical steel tower which supports a
guide rail system, an impact carriage supporting a plunger, a hydraulic
deceleration device and a test control and safety system, The 1m?act
carriage can be raised to a maximum height of 42 feet prior to ralease,
After release, the carriage free falls until the plunger, attached to the
undercarriage, enters a water filled cylinder mounted at the base of the
tower. The deceleration profile produced as the plunger displaces the
water in the cylinder is determined by the free fall distance, the
carriage and test specimen mass, the shape of the plunger and the size of
the cylinder orifice. A rubber bumper is used to absorb the final impact
as the carriage stops. For these tests, plunger number 102 was mounted
under the carriage for all test cells except cell D, Plunger number 46
was used for test cell D, The cell D final impact had a severe rebound
when the normal rubber bumper was used. For cell D only, a new bumper
was designed and used consisting of two layers of Confor Cushion (blue,

7 3/4" x 9" x 3" nigh) sandwiched between three layers of 3/16" yray/blue
honeycomb. This new bumper was taped toyether and covered with plastic
80 as not to absorb water from the impact. Drop height varied depending
on the test cell requirements which ranged from 3'6" to 31'0",

2. SEAT FIXTURE

The VIP seat fixture, as shown in Figure A-1, was used for all of the
tests, The seat was designed to withstand vertical impact accelerations
up to 50 G, Its adjustable seat back and seat pan allowed the subject to
sit in one of three positions, as shown in Figure A-Z. When positioned
in the seat, the subject's upper 10?9 were bant 90 degrees outward to a
horizontal position with his lower legs bant 90 degrees downward to a

vertical position. The subject was secured in the seat with a lap belt
and shoulder strap, The lap belt and shoulder strap were preloaded to 20
16 pounds as required in the test plan,




Figures A-3, A-4 and A-5 further illustrate the plus 10 degree seat
postition, @ degree seat position and the minus 10 degree seat position
respectively. Note that the seat pan 1s horizontal for the @# and minus
10 degree seat-back pusitions. For the plus 10 degree seat-back
gos}t1on.]the seat pan is positioned at a plus 10 degree angle from the
orizontal.

The coordinatec system (shown in Figure A-2) is left-handed and oriented
so that the x and y axes are parallel to the plane of the seat pan and
the 2 axis is perpendicular to the seat pan. For the § and plus 10
degree seat positions, the seat back is perpendicular to the seat pan and
thus the z axis is parallel to the seat back. For the minus 10 degree
seat position the seat pan is hortzontal, the seat back inciines 10
degrees forward of the vertical reference, and the z axis is parallel to
the vertical reference,

3. RESTRAINT CONFIGURATIONS

Two restraint configurations were tested. The X-Band-90 degree harnesy
and the PCU-15/P and PCU-16/P torso harnesses with a conventional lap
belt were used. Figures A-6 and A-7 {l1lustrate the X-Bana-90 degree
harness and PCU-15/P harness respectively.

Each of the subject's legs were restrained by a strap that encircled the
subject's ankle and was attached to the carriage., Another strap crossed
tha subject's thighs and attached to the seat pan posterior to the knees.
The subject's hands were placed under the thigh restraint. These
restraints are 1llustrated by Figure A-8,

4, SEAT CUSHIONS

The ACES Il and the CREST cushions were tested during this test program.
The ACES Il cushion fits on the seat pan only as 1+1ustrated by Figure
A-9, The CREST cushion is a one-inch thick Confor'™ foam cushion., The
CREST cushion was used on both the seat pan and seat back as {llustrated
in Figure A-10,

5. TEST SUBJECTS

Both manikins and human test subjects were used during this test program.

A 95th percentile Alderson manikin, designated VIP-95, was used for
structural and equipment proof tests.

Two ADAM prototype manikins representative of the "large" and "small®
flying population were used during this test program,
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Two GARD manikins were also tested. They were designated ss the CG-96 |
and C&-5 manikins.

6. INSTRUMENTATION

The elactronic data collected during this test program is described in
Sections 6.1 and 6.2, Section 6.1 discusses accelerometars while Section
6.2 discusses load transducers. Section 6,3 discusses the calibration
procedures that were used, The measurement instrumentation used in this
test program is listed in Tables A-la through A-lf, These figures
designate the manufacturer, type, serial number, sonsitivity and other
pertinent data on each transducer used. Table A-2 1ists the
manufacturer's typical transducer specifications,

Accelerometers and load transducers were chosen to provide the optimum
resolution over the expected test load range. Full scale data ranges
were chosen to provide the expected full scale range plus 50% to assure
the capture of pedk signals. All transducer bridges were balanced for
zero output prior to the start of each test., Those accelerometers which
were in 1ine with the force of gravity were adjusted for a 1 G offset
using computer processing software, The acceierometer and load
transducer coordinate systems are shown in Figure A«ll,

The linear accelerometers were wired to provide a positive output voltage
when accelerations were applied in the +x, +y and +2 directions, as shown
in Figure A-ll,

The angular Ry accelerometers were wired tn provide a positive output
voltage when the angular accelerations were applied in the +y direction
according to the right hand rule, as shown in Figure A-1l,

The load transducers included three types of load measurement devices,
A1l were wired as follows:

Fixed Load Cells - were wired to provide a positive output when force
s appiied 1n the indicated direction (Figure A-11),

Triaxia! Load Cells - were wired to provide a positive cutput when
the belt was pulled towards the center of the seat.

Load Links - were wired to provide a positive output when force is
appiied 'n the direction indicated (Figure A«ll),

Carriage velocity was measured using a Globe [ndustries tachometer Model
22A672-2, The rotor of the tachometer was attached to an aluminum wheel
with a rubber O-ring around 1ts circumference to assure good rail
contact. The wheel contacted the track rail and rotated as the carriage
moved, producin? an output voltage proportional to the velocity. Fiyure
A-12 shows the location of the carriage velocity whael which is located
on top of the carriage.
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For the large and small ADAM manikins, left elbow and left knee angles
were measured using SPL 6886-16-6869-10 and 6886-16-6869-30 flexion
potentiometers respectively., The left knee and left elbow flexion angles
are defined to be zero degrees when the knee and arm are fully extended,
The flexion angle increases as the leg or arm is retracted., The left
knee potentiometer was wired to output 5 volts at @ degrees, P volts at
62.5 degrees and minus 5 volts at 125 degrees., The left elbow flexion
potentiometer was wired to provide 5 volts at P degrees, P volts at 70
degrees and minus 5 volts at 140 degrees.

6.1 Accelerometers
This section describes the accelerometer instrumentation as required in
the AAMRL/BBP test plan.

Human head accelerations were measured using three Endevco Model 7264-200
linear accelerometers and one Endevco model 7302A angular (Ry)
accelerometer., The accelerometers were mounted to the external edge of a
plastic dental bite block. Lach subject had his own set of custom fitted
dental inserts that were used to support the bite block in his mouth. An
aluminum tube extended from the bite block and located a fiducial target
used for photo tracking purposes. Figure A-13 illustrates the human head
accelerometer package.

The chest accelerometer package consisted of three Endevco Model 2264-150
1{near accelerometers mounted to a 1/2 x 1/2 x 1/2 inch aluminum block.
An Endevco Model 730ZA angular (Ry) accelerometer was mounted on &
bracket adjacent to the triaxial chest block. The accelerometer packages
were inserted into a steel protection shield to which a length of Velcro
fastener strap was attached, The package was €1aced over the subject's
sternum at the level of the xyphoid and was held there by fastening the
Velcro strap around the subject's chest. A chest fiducial target was
attached directly on top of the chest accelerometer package, Figure A-14
111¥s?rates the chest accelerometer packaye attached to the Large ADAM
manikin,

Carriage z acceleration was measured using an Endevco linear
accelerometer model 2262A-200, The accelerometer was located behind the
seat on the VIP seat structure,

Seat accelarations were measured using three Endevco Model 2264-200
accelerometers for accelerations in the x, y and z directions, Seat
angular (Ry) acceleration was measured using an Endevco Model 73028
angular accelerometer, The three 1inear accelerometers were attached to
alx 1l x 3/4 inch acrylic block and were mounted near the center of the
load cell mounting plate. The angular accelerometer was attached to an
alum’:.um bracket and was mounted Jjust behind the linear seat
accelnrometer package.

Head accelerations for manikin tests were measured using three Endevco
Mode| 2264-200 1inear accelerometers and one Endavco Model 7302 angular
(Ry) accelerometer. These accelerometers were inteinally mounted in the
head of the VIP 95 and Gard manikins.




For Large and Small ADAM manikin tests, head x and 2 acceleration, chest
x acceleration, and Lumbar z acceleration were each measured using Entran
Model EGA-125-100D linear accelerometers, These accelerometers were
internally mounted in the manikins.

6.2 Load Transducers
This section describes the load transducer instrumentation as required in
the AAMRL/BBP test plan,

The load transducer locations and dimensions are shown in Figures A-15a
through A-15d,

Lap/vertical anchor forces and shoulder strap forces were each measured
using GM3D-SW triaxial load cells, each capable of measuring forces in
the x, y and z directions, The lap/vertical anchor force parameters are
indicated below for their respective restraint harness configuration:

X-Band-90 Degree Harness:
left vertical anchor x, y and z forces
right vertical anchor x, y and z forces

PCU-15/P Harness:
left lap x, y and 2z forces
right 1ap x, y and z forces

The lap/vertical anchor force triaxial load cells were located on
separate brackets mounted on the side of the seat frame parallel to the
seat pan.

The shoulder strap force triaxial load cell was mounted on the seat frame
between the seat back support plate and the headrest.

Left and right Horizontal anchor x forces were each measured using
Strainsert FL1U-2SG load cells for the X-Band-90 degree restraint harness
configuration only, The load cells were located on separate brackets
mounted on the side of the seat frame parallel to the seat back,

Left, right and center seat forces were measured using three load cells
and three load links. The three load cells were Strainsert Model
FL2,5U=2SPKT load rells, The three load links, as shown in Figure A-16,
were fabricated by DynCorp using Micro Measurement Model £A-06-062TJ-350
strain gages. All six measurement devices were located under the seat
pan support plaste. The load 1inks were used for measuring loads in tha x
and y directions, two in the x direction and one in the y direction.

Each load 1ink housed a swivel ball which acted as a coupler between the
seat pan and load cell mounting plate, The Strainsert load cells were
used for measuring loads in the z direction,
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FIGURE A-16: LOAD LINK INSTRUMENTATION

Left, right and center seat back forces were measured using three load
cells and three 1oad links. Two load cells were Strainsert Model
FL1U-2SGKT load cells and the other was a Strainsert Model FL1U-2SPKT,
The three load links, as shown in Figure A-16, were fabricated by DynCorp
using Micro Measurement Model EA-06-062TJ-350 strain gages. All six
measurement devices were located behind the seat back support plate. The
load 1inks were used fur measuring loads in the y and z directions, two
fn the z direction and one in the y direction. Each load 1ink housed a
swivel ball which acted as a coupler between the seat back and load cell
mounting plate, The Strainsert load cells were used for measuring loads
in the x direction,

Upper and lower headrest x forces were each measured using two Strainsert
Model FL1U-2SG load cells., The load cells were mounted on a rectangular
mounting plate which was attached to the upper seat back. The headrest
was attached directly to the load cells. The mounting plate/load
cells/headrest was adjusted up or down depending on the location of the
subjects head,

For large and small ADAM manikin tests, Lumbar 2z and Neck z forces were
each measured using Denton Model 1914 and 1716 load cells respectively,
These load cells were internally mounted in the manikins,

Although Figures A-15a through A-15d {llustrates the load transducer
locations and dimensions, photos can more accurately depict the
transducers. Table A-3 1ists the reference figures (photos), their
descriptions, restraint configuration and seat positions:




FIGURE DESCRIPTION CONFIGURATION SEAT POSITION
A-17  Seat Pan Instrumentation X-Band-90 Harness @ and -10 degrees

A-18 Seat Pan Instrumentation PCU~15/P Harness @ and -10 degrees

A-19  Seat Pan Instrumentation X-Bang-90 Harness @ and -10 degrees

A-20 Seat Pan and Seat BRack X-Band-97 Harness +10 degrees
Instrumentation Load Cell

A-21 Headrest and Shoulder N/A N/A

Load Cell Instrumentation

TASLE A-3: LIST OF TRANSDUCER FIGURES

6.3 Calibration

Caiibrations were performed before and after testing to confirm the
accuracy and functional characteristics of the transducers. Pre-program
and pust-program calibrations are given in Tables A-4a through A-4g.

The calibration of all Strainsert load cells was performed by the
Precision Measurement Equipment Laboratories (PMEL) at Wrignt-Patterson
Air Force Base. PMEL calibrated these devices on a periodic basis and
provided current sensitivity and linearity data,

The calibration of the accelerometers was performed by Dynlorp using the
compar:ison method (Ensor, 1970). A laboratory standard acceler.ic.rr,
calibrated on a yearly basis by Endevco with standards triaceable .v the
National Bureau of Standards, and a test accelerometer were mounted on a
shaker table. The frequency response and phase shift of the test
accelerometer were determined by driving the shaker table with a random
noise generator and analyzing the outputs of the acceleruvmeters with &
POP 11/15 computer and 1923 Time Data Unit using Fourier analysis. The
natural frequency and the damping factor of the test accelerometer were
determined, recorded and compared to previous calibration data for that
test accelerometer., Sensitivities were calculated at 40 G and 100 Hertz.
The sensitivity of the test accelerometer was determined by comparing its
output to cthe output of the standard accelerometer,

The angular accelerometers were calibrated by DynCorp by compiring their
output to the output of a linear standard accelerometer. The angular
accelerometer 1s mounted parallel to the axis of rotation of a Honeywell
{ow inertia D, C., motor. The standard accelerometer 1§ mounted
perpendicular to the axis of rotation at a radius of one inch to measure
the tangential acceleration, The D. €., motor motion is driven at a
constant sinusoidal angular acceleration of 100 Hertz and the sensitivity
is calculated by comparing the rms output voltages of the angular and
linear accelerumeters.

The load links and GM lvad cells were calibrated by DynCorp. These
transducers were calibrated to a laboratory standard load cell in a
special test fixture, The sensitivity and linearity of each test load
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cell were obtained by comparing the output of the test load cell to the
output of the laboratory standard under identical loading conditions.
The laboratory stendard load cell, in turn, is calibrated by PMEL on a
periodic basis,

The velocity wheel is calibrated periodically by DynCorp by rotating the
wheel at approximately 2000, 4000 and 6000 revelutions per minute (RPM)
and recording both the output voltage and the RPM,

7. DATA ACQUISITION

Data acquisition was controlled by a comparator on the Master
Instrumentation Control Unit in the Instrumentation Station. The test
was initiated when the comparator countdown clock reached zero. The
comparator was set to start data ccllection at a preselected time.

A reference mark pulse was generated to mark the ADACS clectronic data at
a preselested time after test inftiation to place the reference mark
close to the impact point. At the same time, the reference mark pulse
triggered a strobe 1ight to mark the test photogrammetric data. The
reference mark time was used as the start time for data processing of the
electronic and photogrammetric data.

Prior to each test and prior to placing the subject in the seat, data
were recurded to establish a zero reference for ail data transducers.
These data were stored separately from the test data and were used in the
processing of data.

/.1 Automatic Data Acquisition and Control System (ADACS)

Installation of the ADACS instrumentation 1s shown in Figure A-22. The
three major components nf the ADACS system are the power conditioner,
signal conditioners and the encoder. A block diagram of the ADACS is
shown in Figure A-23, The signal conditioners contain forty-eight
amplifiers with programmable gain and filtering.

Bridge excitation for load cells and accelerometers was 10 VDC. Bridge
completion and balance resistors were added as required to each module
input connector.

The forty-eight module output data signals were digitized and encoded
into forty-eight 1l-bit digital words. Two additional 1l-bit
synchronization (sync) words were added to the data frame making a fifty
word capability.

Three synchronization pulse trains (bit sync, word sync and frame sync)
were added to the data frame and sent to the computer via a junction box
data cable,

The PDP 11/34 minicomputer received serial data from the ADACS. The
serial data coming from the carriage are converted to parallel data in

61




the data formatter, The data formatter inputs data by direct memory
access (DMA) into the computer memory via a buffered data channel where
data are temporarily stored on disk and later transferred to magnetic
tape for permanent storage.

The interrelationships among the data acquisition and storage equipment
are shown in Figure A-24,

Test data could be reviewed immediately after each test by using the
"Quick Look" SCAN routine. SCAN was used to produce a plot of the data
stored on any- channel as a function of time. The routine determined the
minimum and maximum values of any data plot. It was also used to
calculate the rise time, pulse duration and carriage acceleration,

7.2 Photogrammetric Data Acquisition

Two onboard high-speed LOCAM cameras, operating at 500 frames per second,
were used to produce the photogrammetric data. Each camera used a 9mm
lens, The two camera locations, as shown in Figure A-25, are idéntified
as the side and 45 degree camera,

Motion of the subjects' head, cheek, mouth and chest were quantified by
tracking the motion of subject-mounted fiducials. Reference fiducials
were placed on the test fixture. The fiducial used was a .75" diameter
black circle on a 1.25" diameter white target, The locations of the
fiducials generally followed the guidelines provided in "Film Analysis
Guides for Dynamic Studies of Test Subjects, Recommended Practice" (SAE
J138, March 1980), Figures A-26a and A-26t identify the fiducial target
Tocations.

All cameras were automatically started at a preset time in the test
sequence by a signal from the camera and lighting contro! station,

The photogrammetric data were time correlated in eacn test, Immedfately
prior to impact, a reference mark signal triggered the flash unit to mark
the camera film frame, At that time, a 100 PPS signal activated the
camera 1ight emitting diode (LED) driver which activated the camera LED,
producing a time mark at the film edge. This reterence mark was then
used to correlate the photogramnmetric data with the electronically
measured data.

The photogrammetric data will be processed as required on the Automatic
Film Reader (AFR) system, shown in the clock diagram in Figure A=27, The
fiducial tracking routine 1s initiated via the Data General terminal.

The tracking routine 1s booted from a floppy disk into the Nova 3/12
memory. The system is capable of tracking fiducials manually or
automatically. The Nova 3/12 outputs an x-y film coordinate position to
magnetic tape for each fiducial being tracked, Data are transferred from
magnetic tape to the DEC PDP 11/34 disk file and then transferred to the
DEC VAX 11/750 disk file for processing.




An Instant Analytical Replay (INSTAR) video system was also used to
provide coverage of each test, This video recorder and display unit is
capable of recording high-speed motion at a rate of 120 frames per
second, Immediate replay of the impact is possible in real time or in
slow motion,

8, PROCESSING PROGRAMS

Test data for the +Gz VIHAM Study was collected using two separate data
collection systems. The facility instrumentation and the standard
subject instrumentation were monitored using the ADACS data collection
system. During tests where the ADAM manikin was the subject, additional
test data was collected using the ADAM internal data collection System.

The executable images for the ADACS processing programs are located 1in
directory PROCESS of the VAX 11/750 and the test data is assumed to be
stored in directory DATAl. A1l plots are output to the Tektronix
hardcopy unit and the test summary sheet 15 1isted to the Printronix P300
line printer. The test base file is output to directory PROCESS,

The executable images for the ADAM processing programs are located in
directory PROCESS of the VAX 11/750. The plots and the test summary
sheet are output to the Tektronix hardcopy unit. No test base file is
created for the ADAM test data,

8.1 ADACS Program Operation

The two Fortran programs that process the ADACS test data are named
VIHAMVDT@A and VIHAMVDTPB, The DCL file which controls the execution of
these programs 1s named VIHAMVDT, The character string 'VIHAM'
identifies the study (+Gz VIHAM Study), 'VDT' identifies the facility
(Vertical Deceleration Tower), '@’ is the revision number and the lact
character determines the program order of execution,

VIHAMVDTRA creates a temporary DCL file which rontrols the sequential
batch processing of a specified number of tests. VIHAMVDTPA requests the
user to enter the total number of tests to be processed and the test
number of each test., Directory DATAl is assumed to contain a zero
reference file named '<test no>Z.VDT,' a test data file naned '<test
no>D.VDT' and a sensitivity file named '<test nc>S.VDT.' The user enters
the test number and specifies wh.ther the default test parameters are to
be used for processing, If the default parameters are selected, then the
test number, subject identification, weight, height, sitting height and
sex are read in fron the first block of the test data file. The cell
type, nominal G level and belt preload values are also iead in, If the
default parameters are ndt selected, lhey must be entered by the user.

VIHAMVDT@B does the actual data processing of the test data, The test
data includes the carriage, seat, head and chest linear acceleratiors and
the seat, head and chest Ry angular accelerations. The forces consist of
the shoulder, headrest, anchor (or lap), back and seat loads. The
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carriage velocity and bias voltages are also analyzed., The impact rise
time, duration and velocity change, and the seat, head and chest
acceleration resultants are computed based on the test data. Also
computed are the shoulder, anchor (or lap), back and seat load resultants
and the headrest load sum.

The output of VIHAMVDT@B consists of a base file, summary sheet and
plots. The base file contains the extrema for the individual channels
and the derived quantities. The summary sheet displays the extrema in 2
more readable format. The time histories of the parameters are plotted
on the Tektronix terminal and hardcopied,

8.2 ADAM Processing Programs

The two Fortran programs that process the ADAM test data are named
ADAM_DATA and ADAM_DECOM. ADAM DATA {s an interactive program which
converts data collected in internal ram memory into engineering units and
plots or 1ists the resulting time histories. ADAM DECOM is an
interactive program which converts data transmitted real time during the
test into engineering units and plots or 11sts the results, The Fortran
1ibrary ADAM_PLOTS provides subroutine support for both programs,

ADAM DATA request the user to enter the ADAM test data filename, the test
number and the reference mark voltage. The reference mark is used to
correlate the ADAM data with the ADACS data. The user also specifies
whether the output 1is to be plotted or listed, The channel numbers,
descriptions, sensitivities, offsets and plotting parameters are read in
from file CHSPEC in directory PROCESS. Time histories of the channels
are plotted or 1isted for 600 ms starting from the reference mark time,
Time zero corresponds to the start of impact.

ADAM DECOM request the user to enter both the test data filename
(1nternal ram) and the test decom filename (transmitted). This is
necessary because the information required to determine the position of
the channels in the frame is not transmitted and must be determined from
the internal ram data. ADAM DECOM also displays the number of frames
containing bad sync patterns and requests the user to indicace whether to
continue processing the corrupted data. Aside from these differences,
ADAM_DECOM 1s functionally equivalent to ADAM_DATA,

Flowcharts of the ADAM processing programs were not included because
DynCorp modified an existing program supplied by the customer.
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FIGURE A-1: AAMRL VERTICAL DECELERATION TOWER
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FIGURE A-2: VIP SEAT POSITIONS
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FIGURE A-3:

PLUS 19 DEGREE SEAT POSITION
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FIGURE A-4: @ DEGREE SEAT POSITION




FIGURE A-5: MINUS 1P DEGREE SEAT POSITION
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FIGURE A-6: X-BAND-90 DEGREE HARNESS
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FIGURE A-7: PCU-15/P HARNESS




FIGURE A-B: SUBJECT LEG AND THIGH RESTRAINTS
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ACES Il SEAT CUSHION

FIGURC A-9:
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FIGURE A-10: CREST CONFORTM SEAT CUSHION
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1. TYPICAL FIXED LOAD CELL AND LOAD LINK MOUNTING POINT.
DIRECTION OF THE ARROWS INDICATZ THE DIRECTICN OF FORCE
APPLIED TO PRODUCE A POSITIVE OUTPUT.

2. THE LINEAR ACCELEROMETERS WERE WIRED TO PROVIDE A POSITIVE
OUTPUT VOLTAGE WHEN ACCELERATIONS WERE APPLIED IN THE +x, +y
AND +z DIRECTIONS AS SHOWN.

3. THE ANGULAR Ry ACCELEROMETERS WERE WIRED TO PROVIDE A POSITIVE

OUTPUT YOLTAGE WHEN THE ANGULAR ACCELERATIONS WERE APPLIED IN
THE +y DIRECTION ACCORDING TO THE RIGHT HAND RULE AS SHOWN.

FIGURE A-11: AAMRL/BBP COORDINATE SYSTEM
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CHEST
ACCELEROMETER
PACKAGE

FIGURE A-14: CHEST ACCELEROMETER PACKAGE
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DESCRIPTION

SEAT REFERENCE POINT

UPPER HEADREST X FORCE

LOWER HEADREST X FORCE

LEFT SEAT Z FORCE

RIGHT SEAT Z FORCE

CENTER SEAT Z FORCE

LEFT SEAT X FORCE

RIGHT SEAT X FORCE

CENTER SEAT Y FORCE

10 LEFT HORIZONTAL ANCHOR FORCE
11 RIGHT HORIZONTAL ANCHOR FORCE
12 SHOULDER

13 LEFT BACK X FORCE

14 RIGHT BACK X FORCE

gom\lmu'lbwl\)'-‘

ITEM 21 NOT SHOWN

CENTER BACK X FORCE
CENTER BACK Y FORCE

SEAT X, Y & Z ACCELERATION
SEAT ANGULAR ACCELERATION
FOR X-BAND-90° HARNESS:
LEFT VERTICAL ANCHOR FORCE
RIGHT VERTICAL ANCHOR FORCE

FOR PCU-15/P IIARNESS:

NO. DESCRIPTION

15

16

17 LEFT BACK Z FORCE
18 RIGHT BACK Z FORCE
19

20

21A

22A

21B  LEFT LAP FORCE
228 RIGHT LAP FORCE

ITEMS 21 AND 22 HAVE NAME CHANGES ONLY FOR X-BAND-90° AND PCU-15/P HARNESS

THE HEADREST WAS ADJUSTABLE UP OR DOWN DEPEMDING ON EACH SUBJECT,
LOAD CELL NUMBERS 2 AND 3 MOVE WITH THE HEADREST,

HEADREST
THE MEASUREMENTS FOR THE

HEADREST LOAD CELLS WERE TAKEN WHEN THE TOP MOUNTING HOLES IN THE HEAD REST
WERE LINED UP WITH THE TOP HOLES IN THE FRAME SUPPORT,

FIGURE A-1ba
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NOTE: REFER TO FIGURE A-15a
FOK A DESCRIPTION OF THE TRANSDUCER ITEM NUMBERS.

FIGURE A-C1: HEADREST AND SHOULDER LOAD CELL INSTRUMENTATION
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POWER
CONDITIONER

FIGURE A-22:

ADACS INSTALLATION
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SIGNAL
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ALL DIMENSIONS ARE REFERENCED TO THE SEAT REFERENCE POINT (SRP).

THE SEAT REFERENCE POI

NT IS LOCATED AT THE INTERSECTION OF THE

SEAT PLATE (x AXIS) CENTER LINE AND THE BACK PLATE CENTER LINE.

P DEGREE SEAT POSITION

DESCRIPTION DIMENSIONS IN FEET
X Y4
1. UPPER HELMET - { -
2. FRONTAL HELMET - - -
3. CHEEK - - -
4, MOUTH PACK - - -
5, CHEST PACK - - .
6. UPPER NUMBER PLATE -1.1154 40,7272  +2,7791
7. MIDDLE NUMBER PLATE -1.1154 40,7485  +2,1908
8. LOWER NUMBER PLATE -1,1006  +0,7689  +1.6252

9. MIDDLE BACK FRAME
10, LOWER BACK FRAME
11, CAMERA STRUT

FIGURE A-26a:

-0,9366 +0.6403 +1,3723
-0.9569 +0,6288 +0.8165
+1,2578 +2,8317 +2,3242

FIDUCIAL TARGET LOCATIONS (PAGE 1 OF 2)
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FIDUCIAL TARGET '.OCATIONS 6 THROUGH 11 VARY WITH RESPECT TO THE
SEAT BACK ANGLE. THZ FOLLOWING DIMENSIONS ARE FOR THE PLUS AND
MINUS 10 DEGREE SEAT POSITIONS:

PLUS 1@ DEGREE SEAT POSITION

DESCRIPTION DIMENSIONS IN FEET

1, UPPER HELMET
2, FRONTAL HELMET
3, CHEEK
4. MOUTH PACK
5. CHEST PACK - - -
6. UPPER NUMBER PLATE -0.6442 +0,7272 +3.0063

L LY b
S
v N

7. MIDDLE NUMBER PLATE -0.7464 +0,7485 +2,4270
8. LOWER NUMBER PLATE -0,8301 +0,7689 +1.8674
9, MIDDLE BACK FRAME -0,7125 +0,6403 +1,5898
10, LOWER BACK FRAME -0.8290 +0,6288 +1,0460
11, CAMERA STRUT +1,6139 +2,8317 +2.1462

MINUS 1P DEGREE SEAT POSITION

DESCRIPTION GIMENSIONS IN FEET

X Y z
1. UPPER HELMET - - -
2. FRONTAL HELMET - - -
3. CHEEK - - -
4. MOUTH PACK - - -
5. CHEST PACK - - -
6. UPPER NUMBER PLATE -1,0643 +0,7272 +2.8104
7. MIDDLE NUMBER PLATE -1,0643 +0,7485 +2,2221
8. LOWER NUMBER PLATE -1.0495 +0,7689 +1,6565
9. MIDDLE BACK FRAME -0.8855 +0,6403 +1.4035
10. LOWER BACK FRAME -0.9058 +0,6288 +0.8478
11, CAMERA STRUT +1,3088 +2.8317 +2,3555

FIGURE A-26b: FIDUCIAL TARGET LOCATIONS (PAGE 2 OF 2)
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APPENDIX B

ANTHROPOMETRY OF TEST SUBJECTS

*R-11 was used in Cells A and C only

109

SUBJECT| WT HT |[SIT HT|MID-SHOULDER|BUTTOCK TO|AGE
ID (LB) |(IN)| (IN) [SIT HT (IN) |XNEE (IN) |(YR)
[ w21 | 120 |66.1] 34.2 23.6 23.1 | 28
-5 | 123 |64.8] 32.9 22.4 23.1 | 32
k-3 | 139 (68.1] 34.8 |  23.8 24.4 | 25
2-2 | 148 |68.4| 36.9 25.5 23.0 | 26
B-9 | 150 |68.1| 34.9 25.8 23.2 | 21
H-8 | 150 [70.4] 37.3 25.1 23.6 | 31
M-25 | 150 |70.0| 36.8 24.8 23.4 | 25
s-3 | 162 |69.6| 36.6 25.6 23.8 | 38 |
a-1 | 163 |70.5] 37.0 25.7 24.0 | 28
D-5 | 179 |72.0] 36.2 25.0 25.4 | 25
k-5 | 180 |68.8| 35.0 24.2 24.3 | 24
P-5 | 186 |68.5| 36.1 24.6 23.2 | 26
s-11 | 189 |71.3] 36.7 25.1 24.1 | 23
*R-11 | 191 |73.5| 36.0 - —— | 24
M-19 | 194 |74.2] 38.5 26.1 25.6 | 28
MEAN 161.6(69.6| 36.0 24.8 SN 26.9
s.0. | 24.2| 2.5 1.4 1o | on |4




APPENDIX C

NUMERICAL LISTING OF TESTS
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fI1ES'I|

CELL

NUMERICAL LISTING OF TESTS

1390
1391
1392
1393
1394
1395
1399
1400
1401
1404
1405
1406
1408
1409
1410
1412
1413
1414
1415
1416
1417
1418
1419
1420
1422
1423
1424
1426
1427
1428
1429
1430
1431
1432
1433
1434
1435
1436
1437
1438
1439
1440
1441
1442
1443
1444
1445
1446
1447
1448
1449
1450

OO MNNaOCONCOAGRPIEXXIPPIEDRXIDPPDPIDIIIIRKICKRKAKKXEXNXXXX

(@]
03
cr
[

SUBJ

5UBJ TEST
Bl 1451
P5 1452
B9 1453
R11 1455
sli1 1456
5 1457
K3 1458
H8 1459
83 1460
M2l 1461
M19 1462
D5 1464
s11 1465
R1l 1466
T5 1467
P5 1474
K3 1475
M19 1476
D5 1480
BY 1481
M25 1482
M21 1483
ADAM-L 1484
ADAM-S 1486
Bl 1487
22 1488
K5 1489
H8 1490
S3 1492
P5 1493
sl 1494
K3 1495
R11 1496
M19 1497
ADAM-S 1498
ADAM-S 1499
ADAM-S 1500
ADAM-S 1501
ADAM--8 1502
ADAM-L 1504
ADAM~L 1505
CG-5 150A
CG-5 1507
CG-5 1500
CG-H Jan
cG-~ LA
CG-94 (RSN
CG-95 151
CG-95 15)14
CG-95 1515
CG-95 1516
ADAM Hll 1517

o dlas B B B el B 2 e O e o e Bl o e ol ool s e s ol e e e Bl Bl Mo Be o No i - NoloNoNoRe Ko Ko Re R R o X o X2 )

ADAM-L
ADAM~L
ADAM-L
D5

K5

M25

H8

Bl

S3

22

)

M21
CG-5
CG~95
ADAM-L
G5
CG-5
CG~95
M25
sil

H8

P5

K3

Bl

B2

K5

D5

M19

B9

mM21
ADAM-L
ADAM--S
CG-5
CG~5
ADAM-L
ADAM-L .
ADAM-S
ADAM-S
ADAM-L
M19

a1l
et

M2

nA

Ph

1R

K3
ADAM-L

ADAM-L
CG-95
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NUMERICAL LISTING OF TESTS

TEST CELL suBJ
1518 F CG-95
1519 E CG-5
1520 F CG~-5
1521 E Bl
1522 E M21
1523 E T5
1524 E 22
1526 F PS5
1527 P S11
1528 F S3
1529 F B9
1530 r K3
1531 B M25
1533 F M2l
1534 P Bl
1535 F KS
1536 F M19
1537 F %2
1538 F ADAM-L
1539 P ADAM-L,
1541 P D5
1542 F H8
1543 F T8
1544 E ADAM--L
1545 F ADAM-L
1546 E ADAM-S
1547 F ADAM-S
1550 D ADAM-S
1551 D ADAM-L,
1553 D M21
1554 D 22
1557 D P5
1558 D K5
1559 D K3
1560 D 5
1561 D S11
1563 D Bl
1564 D S3
1565 D H8
1567 D D5
1568 D B9
1569 D M19
1571 A Z2
1572 B ADAM-S
1573 B ADAM-L,
1575 B 75
1576 B 53
1578 G CG-95
1579 G CG-5
1580 G ADAM-S
1581 G ADAM-L.
1583 E

ADAI-L 5

TEST CELL suBJ
1584 E ADAM-L
1585 F ADAM-L
1586 o CG-95
1587 Cc B9
1588 A K5
1589 A M25
1590 Cc ADAM-S
1592 M CG-5
1593 N ¢G5
1594 o] CG-5
1595 H CG-95
1597 I CG-95
1598 J €G~95
1599 c ADAM-L
1600 F ADAM-L,
1601 H ADAM-S
1602 I ADAM-S
1603 J ADAM-S
1604 H ADAM-S
1605 I ADAM-L,
1606 H ADAM-S
1607 H ADAM-S
1608 H ADAM-S
1609 H CG-95
1610 H CG-95
1611 H CG-95
1612 H CG-5
1613 H CG-5
1614 H CG-5
1615 I CG-5
1616 J CG-5
1617 C CG-5
1618 I ADAM-L,
1621 L Bl
1622 L K3
1623 L 83
1624 L H8
1625 L B9
1627 L K5
1628 L D5
1629 L Sl1
1R3n0 I, Mi9
1511 . Th
1~ 1. G-I
SRR ! [a(e ALY
LNCRYS H ADAM -1,
1R N ! ADAM-L
JARAA A ADAM-[,
1A137 H ADAM-L,
1638 H ADAM-L,
1639 H ADAM-L,
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APPENDIX D

TRANSFER FUNCTION ANALYSIS PLOTS

113



rmoor

=z

rmoo»

Z -

VIHAM STUDY TEST 1435 HEAD Z ACCEL
NATURAL FREQUENCY = 12.28 H7? DAMPING RATIO = 0.6197
15 1— - -
J —— EMFIRICAL
---- MODEL

10

0
SMALL ADAM
=2 T L T T T =
0 100 200 300 400 500 600

TIME IN MILLISECONDS

YIHAM STUDY TEST 1435 CHEST 7 ACCEL
NATURAL FREQUENCY = 12.46 HZ DAMPING RATIO = 0.2834
15
— EMPIRICAL
""" MODEL

10

0 A
SMALL ADAM
"5 T T T l T ]
0 100 200 300 400 500 600

TIME IN MILLISECONDS
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rmoo>»

—

rmoo>x>
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VIHAM STUDY TEST 1436 HEAD Z ACCEL
NATURAL FREQUENCY = 12.88 HZ DAMPING RATIO = 0.7398
15 —

— EMPIRICAL
""" MODEL

SMALL ADAM

-5 -
] ] I { !
0 100 200 300 400 500 600

TIME IN MILLISECONDS

VIHAM STUDY TEST 1436 CHEST Z ACCEL
NATURAL FREQUENCY = 12.81 HZ DAMPING RATIO = 0.3521
15

— EMPIRICAL
""" MODEL

10

SMALL ADAM

-5 r T T I |
0 100 200 300 400 500 600

TIME IN MILLISLCONDS
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YIHAM STUDY TEST 1451 HEAD Z ACCEL
NATURAL FREQUENCY = 12.12 HZ DAMPING RATIO = 0.2061

15 S ——

= EMPIRICAL
""" MODEL

LARGE ADAM

-3 T T | T T
0 100 200 300 400 500 600

TIME IN MILLISECONDS

VIHAM STUDY TEST 1451 CHEST Z ACCEL
NATURAL FREQUENCY « 12.05 HZ DAMPING RATIO = 0.1896

15 ’
— EMPIRICAL
----- MODEL
10
5
0 i S AL R
LARGE ADAM
- 5 -4 _-~-.‘....._...<.l_—-..__-—~ ..]—_ -I I 1
0 100 200 300 400 500 600

TIME IN MILLISECONDS
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VIHAM STUDY TEST 1452 HEAD Z ACCEL
NATURAL FREQUENCY = 12.18 HZ DAMPING RATIO = 0.2210
15

—— EMPIRICAL

10

0 100 200 300 400 500 60C
TIME IN MILLISECONDS

VIHAM STUDY TEST 1452 CHEST Z ACCEL
NATURAL FREQUENCY « 12.09 HZ DAMPING RATIO = 0.1994
15

=== EMPIRICAL
""" MODEL

10

[LARGE ADAM

-7 T T | 1
0 10) 200 300 400 500 600

TIME IN MILLISECONDS
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SAMPLE TEST DATA
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15.00
10.00
5.00 4

0.00 -

VIHAM STUDY TEST: 1430 SUBJ: K-3 CELL:s ¢

CARRIAGE 2 (G)

2.00 7 NORM CHEST RES (@)

1.50 -

1.00 -

0.50 -

-5.00

@00@0 n

20.00 -

10.00 -

CARRIAGE VELOCITY (FT/S)

v R Oooo

1.50 -

1.00 -

9.50

0.00
-150

0

150

2.00 7 NORM HEAD RES (6)

i L ° . Qo
300 450 -150

TIME IN MILLISECONDS

1

50

300

450

120




VIHAM STUDY TEST: 1430 SUBJt K-3 CELL: C

10.00 7 CHEST X (G) 30.00 7 CHEST 2 (G)
5.00 - 20.00 -
0.00 - 10.00 -
-5.00 - 0.00 -
ln@.oo I T ¥ 1 IMOoOO | - T Y 1
10.00 7 CHEST Y (G) 30.00 1 CHEST RES (G)
5.00 -
20,00 -
0.00 ---------3 e
10.00 -
-5.00 -
-10.00 . r _ _ 0.00 - h — ,
-150 @ 150 300 450 -150 ® 150 300 450

TIME IN MILLISECONDS

121




UIHAM STUDY TEST: 1430 SUBJt K-3 CELL: C

HEAD X (G)

-10.00

10.00

5.00 -

~-5.00 1

HEAD ¥ (G)

HEAD Z (G)

30.00 1

20,00
L4

10.00 -

~10.00
-150

| I

o 150

HEAD RES (G)

L} L Qooo

300 . 450 -150

0 150

TIME IN MILLISECONDS

300

450

122




1000.0 -
500.90 -
0.0 -

IWQOQ 0 =

VIHAM STUDY TEST: 1430 SUBJ: K-3 CELL: C

HEAD RY (RAD/Sxx2)

-1000.0

1000.0

500.0

0.0 nl“fszt'{» 0.9

1

|m°° . o

-1000.90

CHEST RY (RAD/Sxx2) 1000.9 1

500.0 -

SEAT RY (RAD/Sx%x2)

~500.90 -

-150

T

e

150

T 1 -1000.0
300 = 450 -150

0 156 300

TIME IN MILLISECONDS

450
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200.00 1
0.00
lmoo . 00 1

~400.900 -

UIHAM STUDY TEST: 1430 SUBJ$ K-3 CELL: C

SEAT Y (LB)

-600.00

4000.0
3000.0
2000.9 -
1000.0

SEAT RESULTANT (LB)

1

000 P B L T L L T T T R Y

-1000.0

-150

® 150 300

450

4000.0 -
3000.0 -
2000.0 -
1000.0 -

0.0 -
[ ]

SEAT Z MINUS TARE (LB)

-1000.0

4000.0 -
3000.9 -
2000.0
1000.0 -

0.0 1

-
-
-y
-

SEAT RES MINUS TARE (LB)

-1000.0
-150

TIME IN MILLISECONDS

124




c

CELL:
MINIMUMITIME QF i TIME OF!

10.0

1437 SUBJ: ADAM-S WT: 143.0 NOM G:

VIHAM STUDY TEST:

IMAXIMUM I MINIMUM!

! VALUE

MAXIMUMI
VALUE
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VIHAM STUDY TEST: 1437 SUBJ: ADAM-S CELLs C

15.00 7 CARRIAGE Z (G)

10.00 -

5.0 -

©.00 -
-5.00 ; . : ,

30.00 7 CARRIAGE VELOCITY (FT/S) 2.00 7 NORM CHEST RES (G)

\\/ 1.50
20.00 -

l

1.00
10.00 -
0.50 -
0.69 T T Y 1 0.00 T T T }
-150 0 150 300 - 4590 -150 0 150 300 450

TIME IN MILLISECONDS

126



UIHAM STUDY TEST: 1437 SUBJ: ADAM-S CELL: C

10.00 7 CHEST X (G) 30.00 7 CHEST 2 (G)
5.00 - 20.00 -
9.00 10.00 -
-5.00 - 0.00 -
-10.00 T T Y Y -10.00 T ; Y T —
10.00 7 CHEST ¥ (G) 30.00 ¢ CHEST RES (G)
5.00 -
20.00 -
0.00
MQ.OO =
lmooo -
lﬂ@o@@ T I T 1 o.oo ¥ 1 i L}
-150 @ 150 300 450 -150 @ 150 300 450

TIME IN MILLISECONDS

127




VIHAM STUDY TEST: 1437 SUBJ: ADAM-S CELL: €

10.00 7 ADAM HEAD X (G) 10.00 7 ADAM CHEST X (G)
5.00 - 5.00 -
0.00 - .00 -
-5.00 - -5.00 -
-10.00 . . . " -10.00 . . . _
30.00 7 ADAM HEAD Z (G) 30.00 7 ADAM LUMBAR 2 (G)
20.00 - 20.00 -

0»0.00  { T T 3 an.OO Y T 1 1
-150 0 150 300 450 -15¢ 0 150 300 450

TIME IN MILLISECONDS
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VIHAM STUDY TEST: 1437 SUBJ: ADAM-S CELL: C

1000.9 - o:mmd RY (RADsSxx2)
500.0 1
9.9 -
~-500.9 -
-1000.0 Y T T =

1000.0 7 SEAT RY (RAD/S5%%2)

500.0 -
0.0 Amane

-500.0 -

~1000.0 _ . d .
-150 © 150 300 450

TIME IN MILLISECONDS

129



UIHAM STUDY TEST: 1437 SUBJ: ADAM-S CELL: C

600.00 - 180.00 17 ADAM LF KNEE (DEG)
150.00 -
400.00 1
: 120.00 -
200.00 - 90.00 -
60.00 -
- 0.00
30.00 -
-200.00 T 7 T ) 0.00 T Y ¥ )
300.00 7 ADAM NECK Z (LB) 180.00 4 ADAM LF ELBOU (DEG)
150.00 -
200.00 -
120.00 -
100.00 - 90.00 -
60.00 -
0.00
30,00 -
-100.00 T T T | 0.00 T T T 1
-1590 0 150 300 450 -150 ) 150 300 450

TIME IN MILLISECONDS
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VIHAM STUDY TEST?

1437 SUBJ: ADAM-S CELL: C

SEAT Z MINUS TARE (LB)

SEAT RES MINUS TARE (LB)

200.069 71 SEAT Y (LB) 4000.9 -
0.00 - e 3000.0
R 2000.90
INOOQOO =
1000.0 -
-400.00 - 0.0 -
IOOO.QO T Y T ¥ lﬂOOOoO
4000.0 1 SEAT RESULTANT (LB) 4000.0 -
3000.0 3000.0 -
2000.0 2000.90 -
1000.0 1000.90 -
0.0 0.0
luOO0.0 T T T 1 l»OOO.Q
-15e¢ 0 150 300 = 450 -150

TIME IN MILLISECONDS
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CELL:

10.0

1467 SUBJ: ADAM-L WT: 212.0 NOM G:

VIHAM STUDY TEST:

MINIMUM!TIME OF ! TIME OF!

IMAXTMUM I MINIMUM]

I VALUE

MAXIMUM|

{ IMMEDIATE |
{PREIMPACT!

DATA 1D

VALUE
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UIHAM STUDY TEST: 1467 SUBJ: ADAM-L CELL: C

15.00 7 CARRIAGE Z (G)
10.00 -
5.00
0.00 -
-5.00 T T T 1
30.00 7 CARRIAGE VELOCITY (FT/S) 2.00 7 NORM CHEST RES (G)
1.50 -
20.00 -
1.00 -
10.00 -
0.50 -
oooo 1 T 1 1 0000 || 1 1 \
-140 106 160 310 460 -140 10 160 310 460

TIME IN MILLISECONDS
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3

10.00

5.00 -

oko oo lt’%bb

-5.00

VIHAM STUDY TESTt: 1467 SUBJ: ADAM-L CELL: C

CHEST X (G)

0 B S0 R S

lh@o@@

10.00

5.00

9.0

-5.00 -

CHEST Y (G)

-10.00
-1490

10

169

Ll L

310 460

Jo.00

1

c0.00

1

10.00

0.00 -

CHEST 2 (G)

lﬁoooo

30.00 1 CHEST RES (G)

20.00 -

10.00

0.00
~140

T T T 1

10 160 310 460

TIME IN MILLISECONDS
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10.00 ]
5.00
0.00

lmoQQ

UIHAM STUDY TEST: 1467 SUBJ: ADAM-L CELL: C

ADAM HEAD X (G)

-10.90

J

30.00

1

20.00

i

10.00

0.00

-10.00

ADAM HEAD Z (G)

-149

460

10.00 T

5.00 -

ADAM CHEST X (G)

0.00

-5.00 -

-10.00

30.00 7

1

20.00

10.00

0.00

ADAN LUMBAR Z (G)

-10.00
-140

106 160 310 460

TIME IN MILLISECONDS
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1500.0

1

1000.0

1

500.0
0.0 -

|

~500.0

VIHAM STUDY TEST: 1467 SUBJ: ADAM-L CELL: C

CHEST RY (RAD/Sxx2)

-1000.90

1000.90

$00.0 -

SEAT RY (RAD/SX%2)

0,0 At

IWOOoQ 1

-1000.0

-140

L) 1 ¥ 1

10 160 310 460
TINE IN MILLISECONDS
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UIHAM STUDY TEST: 1467 SUBJ: ADAM-L CELLS C

1500.00 7 ADAM LUMBAR Z (LB) 180.00 7 ADAM LF KNEE (DEG)
150.00 -
1000.00 -
- 120.00 -
500.00 - 90.00 -
60,00 -
0.00
30.00
-500.00 T Y T ! 0.00 T T T 1
300.00 7 ADAM NECK Z (LB) 180.00 7 ADAM LF ELBOU (DEG)
150.00 -
200.00 -
120.00 -
100.00 - 90.00 -
60.00 -
0.00
30.00 -
-100.00 T T T | 0.00 T T T 1
-140 19 160 310 469 -140 19 160 310 460

TIME IN MILLISECONDS
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VIHAM STUDY TEST: 1467 SUBJ: ADAM-L CELL: C

0.0 =

SEAT Z MINUS TARE (LB)

SEAT RES MINUS TARE (LB)

I R

200.00 7 SEAT Y (LB) 4000.0
3000.0
0.00
| 4/\ 2000.0
-200.00 -
, 1000.0 -
l%@@o@@ 7
-600.00 T _ T - -1000.0
4000.0 7 SEAT RESULTANT (LB) 4000.0 -
3000.0 - 3000.0 -
2000.0 - 2000.0 -
1000.0 1000.0
B, T e e
-1000.0 7 T + 1 ~-1000.0
-140 16 160 310 460 -140

TIME IN MILLISECONDS
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